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CHAPTER I 
THE PROBLEM 
Background o~ the Problem. Division by a two-~igure 
divisor has been and continues to be one of the most di~~i-
cult processes ~or children to master since, according to 
Holland, it involves not only 11 di~~iculties inherent in the 
process itsel~ 11 , but also because uit requires the control 
and use o~ subtraction, multiplication, and sometimes addi-
tion ~acts and operations. 11 1 
2 Osburn placed "estimating the quotient ~igure 11 ~irst 
in his list of chie~ di~~iculties iri division by a two-place 
divisor. He maintained that it accounts for 39 per cent o~ 
the total number o~ mistakes. Most of these mistakes, he 
noted, are made when the quotient figure is not apparent; 
i.e., when the true quotient figure di~~ers ~rom the esti-
mated quotient. 
~enrietta Holland, nDi~i'iculties. Involved in Lon§ 
Division and Some Suggestions for Teaching the Process, 
Elementary School Journal, 42: P~586, April, 1942, 
Worth J. Osburn, Corrective Arithmetic ~or Supervi-
~' Teachers, and Teacher-Training Classes (Boston: 
Houghton 11ifflin Company, 1924) P~39~ 
Statement o~ the Problem. The purpose o~ this inves-
tigation was two-folg: (1) to compare the relative merits 
o~ two methods o~ estimating quotients when dividing by a 
two-~igu~e divisor: the one-rule and two-rule methods, 
since these are the two most widely advocated and used to-
day; (2) to study the e~~ects o~ ~irst learning the one-
rule method and then introducing the two-rule method as an 
alternative. In determining the relative e~~ectiveness of 
the procedures such ~actors as speed and accuracy of per-
formance were taken into consideration; and also the rela-
tior+ of achieven1ent to intelligence quotients and to the 
pre-requisite computational skills. 
De~inition of Terms. Because the interpretation of 
the problem will depend largely on the use of certain ter-
minology, it will be well to clartiy the meanii1g of the 
following t·erms : 
Guide Figure. The tens' figure of a two-~igure di-
visor. In the number 36 the guide ~igure is 3. 
Trial Divisor. The ~igure used in estimating the tri-
al quotient, which may or may not be the same as the guide 
figure. In the number 36 the trial divisor may be 3 or 4 
depending on which method ~or estimating the quotient is 
being used. 
Trial Quotient. ~e estimated quotient figure de-
rived from using the trial divisor. This may or may not be 
2 
the true quotient. 
True Quotient. The final correct quotient figure 
which may or may not be the same as the trial quotient. 
Rule A. Rounding the divisor to the next lower mul-
tiple or ten regardless of the size or the onest figure. 
E.g. ~Tumbers such as 32 or 68 would be rounded down to 30 
and 60 respectively. This procedure forms the basis for 
the one-rule method or apparent method or round-down method 
or estimating the quotient digit (see below). 
Rule B. Rounding the divisor to the next higher mul-
tiple of ten regardless of the size of the onest figure. 
E.g. Numbers such as 32 and 68 would be rounded up to 40 and 
70 respectively. This procedure forms the basis for, the 
round-up method of estimating the quotient digit (see be-
low). 
One-rule Method or Apparent Method or Round-down Meth~ 
od. Only one rule is used in getting the trial quotient. 
The guide figure of the divisor is used as the trial divi-
sor regardless of the ones' figure. In the example 43~ 
-
the procedure would be to say, 11 There are about as many 
43' s in 465 as. there are ~ in 36. n In the example 46TJ'b5 
the same procedure would be followed 1 11 There are about as 
many 46' s in 365 as there are ~ in 36. 
Round-up Method. Only one rule is used in getting 
the trial quotient. The guide figure of the divisor in-
creased by one is used as the trial divisor regardless or 
the ones 1 rigure. In the example 43~ the procedure 
would be· to say, 11 There are about as many 43's in 365 as 
-
there are 5• s in 2.£. n In the example 49")3b'j the same pro-
·-
cedure would rollow, nThere are about as many 46's in 365 
., 
as there are~ in 36.n 
Two-rule Method or Increase-by-one Method. Two rules 
are used depending on the size or the ones' rigure. When 
the ones' rigure is O, 1, 2, 3, 4, or 5 the procedure is 
the same as the one-rule method: i.e., the guide rigure or 
the divisor is used as the trial divisor. When the ones' 
rigure is 6, 7, 8, or 9 the guide rigure is increased by 
one ror the trial divisor. In the example 43~ the pro-
cedure would be to say, !\There are about as many 43 r s in 
-
365 as there are ~ in 2£. 11 In the example 46~ the 
procedure to rollow would be, 11 There are about as many 46 1 s 
-. 
in 365 as there are ~ in 36. tt 
Justirication ror the Study. There is considerable 
di~rerence or opinion as to which method should be used in 
estimating the quotient. According to Brueckner and 
Grossnicklel in current arithmetic textbooks there are at 
1Leo J. Brueckner and Foster E. Grossnickle, How to 
Make Arithmetic Meaningrul (Philadelphia: The John-a: --
Winston Company, 1947) p. 303. 
llr 
least ten di~ferent methods of estimating the quotient when 
the divisor is a two-place number. They claim that at 
least hal~ o~ these may be grouped under two major classi~i­
cations or methods: the 11 apparent method11 and the 11 in-
crease-by-one method. 11 They go on to say that i~ accuracy 
in yielding the quotient figure is the only consideration, 
the two-rule method is the better method. 11 The di~~erence 
in accuracy in finding the correct quotient ~igure, however, 
is more than o~fset by certain undesirable features o~ the 
increase-by-one method. ul 
Benz reports: 
Some advocate teaching children to work all 
division examples by the use of Rule A. Others 
propose that both rules be use~,Rul§ A when the 
second digit o~ .the divisor is small, and Rule B 
when the unitst figure is large. Often these lat-
ter persons ~avor the use of Rule A w~en the divi-
sor ends in 0,1,2,3,or 4 and the use o~ Rule B when 
the second digit is 5,6,7,8, or 9, although some 
prefer to treat divisors ending in 0 separately.2 
Morton3 demonstrated that if the two-rule method were 
used in estimating the quotient ~igure in examples in which 
the two-~igure divisors end in 6, 7, 8, o~ 9 the ratio o~ 
1Ibid, p. 304. 
2E:arry E. Benz, 11 Two-Digit Divisors Ending in 4,5, or 
6,ttThe Arithmetic Teacher, 3: 188, November, 1956. 
3R. L. Morto~,. "Estimating Quotient Figures When 
Dividing by Two-Place ,Numbers, u Elementary School Journal, 
48: 141-48, November, 1947. 
5 
successes by the two-rule method to successes by the one-
rule method is nearly five to one. Hence, he recommends 
the use of the two-rule method. 
Spitzer recommends that the one-rule procedure for 
estimating the quotient be taught. Re asserts that 11 The 
greater accuracy which results i'rom adding a second rule 
does not warrant, at least in beginning instruction of the 
phase of division, the liabilities encountered through 
1 teaching the second rule. 11 
-
Buckingham says that 11 It seems advisable, therefore, 
to adopt the one-rule method, at least until expertness in 
estimating quotient figures has been attained. 112 
J" e ep claims 
There is no agreement as to the best method of 
estimating the quotient. In large measure this is 
due to the lack of certain.data, which lack has up 
to this time made it practically impossible to ar-
rive at any satisfactory conclusions as to what is 
the best method. Perhaps the only way to determine 
definitely the best method for the child to use in 
estimating the quotient figure is by actual experi-
mentation on a large number of children.3 
1Herbert F. Spitzer, The Teaching Qf Arithmetic 
(Boston: Houghton Mifflin Company, 19.54) p. 168. 
2B~dette R. Buckingham, Element~y Arithmetic 
(Boston: Ginn and Company, 1947) p. 201. 
3H. A. Jeep, nLong Division. A Discussion of Long 
Division, 11 Second Yearbook, National Council of Teachers of' 
Mathematics, New York, 1927, p. 42. 
6 
Since Jeep's observations were made, however, there 
has been one scientifically controlled and evaluated ex-
perLment. Grossnickle1 investigated to determine the rela-
tive merits of the one-rule and the two-rule method of 
estLmating the quotient for a two-figure divisor. The fina 
test showed that there was no significant difference be-
tween the two methods investigated. However, the validity 
of these results is open to question because the population 
on which Grossnickle's study was based was on the fourth 
grade level. The teaching of division by a two-figure di-
visor is not now recommended for fourth grade children. 
The population of the writer's study was drawn from the 
fifth grade where two-figure divisors now are commonly in-
traduced. The results, when based on a different grade 
level, may prove to be very different. Another factor that 
indicates the re.sults of the study by Grossnickle might not 
be valid today is that his experiment was carried on in 
1935 prior to the time when arithmetic was taught as mean-
ingfully as it now is. 
Glennon and Hunnicut, in reporting the research on 
the estimation of quotients, say that ttLack of reported 
research comparing the methods of estimating the quotient 
1 Foster E. Grossnickle, uAn Experiment with T~v-o 
Methods of Extimation of the Quotient,tt Elementary.School 
Journal, 37: 668-677, May, 1937. 
figures when taught meaningfully does not permdt a more 
informed judgment at the present tim.e.n 1 
Sueltz in an editorial note on Harry Benzrs article 
asks the question, 11 \~Jho will tell us how best to teach 
long division, or if there are several methods we should 
be using?tt 2 
It is hoped that this investigation will contribute 
in part the answers to some of the questions concerning 
estimation of quotients when dividlilg by a two-place di-
visor. 
Scope and Llinitations of the Stud~. The entire fifth 
grade of 544 pupils of a suburban Boston community took 
part in this study. There wer~ 22 classrooms and 22 teach-
ers involved. 
The experiment was carried on over a thirty week 
period beginning October 14, 1957. Of this time 12 consecu 
tive weeks were devoted to direct instruction. The remain-
ing time represented periods during which retention meas-
ures were taken although no direct instruction was involved. 
The investigation was concerned solely with the esti-
lvincent J". Glennon and C. W. Hunnicutt, What Does 
Research Say about Arithmetic? Association for Supervision 
and Curriculum Development, National Education Association 
(Washington: National Education Association, 1952) p. 22. 
2 Ben A. Sueltz, Editor's Note on 11 Two-Digit Divisors 
Ending in 4, 5, or'6,u (by Harry E. Benz) The Arithmetic 
a 8 
8 
mation o~ quotients in division examples with two-~igure 
divisors and lLmited to no more than a three-place quotient. 
It was restricted to a study o~ the one-rule or apparent 
method and the two-rule or increase-by-one method since 
these are the two methods most commonly advocated and used 
today. 
Overview o~ Research Report. Chapter II summarizes 
some o~ the related research on estimating quotients to-
gether with pertinent related literature which deals with 
various aspects o~ division by a two-~igure divisor. Chap-
ter III outlines in detail the plan and procedure used in 
carrying out the study. Chapter IV analyzes the data gath-
ered during the study~ while Chapter V gives the ~indings 
and conclusions dra1~ ~rom the study~ 
9 
CHAPTER II 
REVIEW OF RELATED RESEARCH 
There has been considerable writing done about the 
process of dividing by a two-figure divisor and concerning 
the estimation of the quotient figure in such examples. 
There are differences of opinion as to which is the best 
and most efficient method for arriving at the correct quo-
tient figure. Some research has also been done to determine 
the method or procedure which appears to be the most effec-
tive because it produces the greatest number of correct quo-
tient figures on the first trial. Here, tbo, little or no 
agreement has been found since the set of examples on which 
each research project was based also differed for reasons 
to be discussed later. 
There are ~ro points, however, about which there is 
general agreement - that is - that division by a two-figure 
divisor .is a most difficult process for children to learn 
and that estimation of the quotient figure is one reason 
for this difficulty. 
Knight~ reported a discussion by Jeep in which the 
latter stated: 
Of all the difficulties involved in long division, 
probably the hardest one that the child is asked to 
cope with is the quotient difficulty. This difficulty 
is real and perhaps will always stand as the major 
difficulty in long division.2 
Karstens said, HLong division is admittedly one of the more 
difficult operations inarithmetic.n 3 Holland went on to ex-
plain that division is a difficult operation not only be-
cause 11.it involves difficulties inherent in the process it-
self11 but because 11 it requires the control and use of sub-
traction, multiplication, and sometlmes addition facts and 
operations. u4 Division in arithmetic is more difficult to 
5 learn than the other processes, according to._Hartung, be-
cause it is an 11 inverse processn in which it is often 
1F. B. Kni~t, 11 Some Aspects of Elementary Arith-
metic,u Second Yearqook National Colincil of Teachers of 
Mathematics (New York Bureau of Publications, Teachers-
College, Columbia University, 1927) p. 4l. 
2Ibid, p. 41. 
3Harry Karstens, 11 Estimating the Q,uotient Figure, 11 
Journal of Educational Research, 38: 522, March, 1945 •.. 
4:a:enrietta Holland, 11Difficulties Involved in LoUW 
Division and Some Suggestions for Teaching the Process, 
Elementary School Journal, 42: 585, April, 1942. -
5Ma:a:r:ice L. Hartung, 11 Estimating the Quotient in 
Division- A Critical Analysis of Research, 11 The Arithmetic 
Teacher, 4: 100~ April, 1957. 
~1-· 
necessary to estimate the quotient. l Benz reported that 
most teachers find the teaching of division with a two-
digit divisor difficult. Much of.the difficulty, he be-
lieved, is in teaching the children to estimate quotient 
figures. Sueltz agreed that "Long division is generally 
considered the most difficult topic in the elementary 
2 
school. 11 According to Brueckner and Grossnickle 11 Division 
is unde;iably the most difficult process to master:n3 
-
Upton maintained that "The difficult part of long division, 
of course, is that connected with those steps by which o4e 
finds a tentative quotient figure, correcting it if neces-
sary, and then arriving at the con£lusion that the right 
figure has been found. n4 
For the most part there appear to be two ·methods or 
procedures for estimating quotient on which the controversy 
is based. These are described by some authors as the 
1Harry E. Benz, 11 Two~Digit Divisors Ending in 4, 5, 
or 6, 11 The Arithmetic Teacher, 3:.187, November, 1956. 
--~en A. Sueltz, Editor's Note on 11 Two-Digit Divisors 
Ending in 4, 5, or 6, 11 (by Harry E. Benz} The Arithmetic 
Teacher, 3: 189, November, 1956. 
3Leo J. Brueckner and Foster E. Grossnickle, Hmv to 
Make Ari thmeti.c Meanirful (Philadelphia: The .John~ -
Winston Company, 1953 p. 313. . 
4c. B. upton, 11 Making Long Division Automatic,n 
Tenth Yearbook National CoUncil of Teachers of Mathematics 
(New York Bureau of Publications-,-Teachers College, 
Columbia University, 1935) p. 252 •. 
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I 
11 apparent methodn versus the 11 increase-by-one methodu, 
-- - - -
11 one-rule" versus 11 two-rulen, and 11 Rule Au versus 11 Rule B11 • 
.. -
There seems to be rather general agreement among most 
of the arithmetic authorities as to the method to use when 
divisors end in 0,1,2,3, or 4. Most authorities would in-
clude those divisors ending in 5 with this first group. 
However, Karstens1 believed that 5 should go with those 
divisors ending in 6-9~ The point at which general agree-
ment really disappears is the problem.of coping with two-
- . 
figure div'isors which end in 6, 7, 8, or 9. 
EXperimental Research 
There has only been one _scientifically conducted 
investigation which took into account the actual procedures 
used by children: This was conducted by Grossnickle2 who 
used two fourth grade groups whiich were equated on the basis 
of intelligence quotients, ability with 100 subtraction 
facts, ability with 90 m~ltiplication facts, ability with 90 
even division facts, and ability with division by one-figure 
divisors using the long form. 
One group was taught by the apparent method; the other 
was instructed in the use of the increase-by-one method. 
~arstens, .£!?.· cit., p. 256. .,"see p. l3A 
~F. E. Grossnickle, 11An Experiment with Two Methods 
of Estimation. of the Quotient, n Elementary School .Journal, 
37: 668-677, May, 1937. 
13 
After this chapter was written, Flourney reported a 
study in which 61 children in two fifth-grade classes were 
taught the one-rule method of estimati:r:-g quotient digits 
while 63 children in two other fifth-grade classes were 
taught the two-rule method of estimating ,qp:otient.';d:tgits ~'. 
Among other things, Flourney concluded that: 
From observations made in this investigation it 
does not seem wise to require all children to apply a 
two-rule procedure for estimating the quotient figure. 
Some of the children who .. learned a two-rule method 
actually applied only the round-down rule and were 
generally successful. It cannot be known whether 
they would have been as.successful if they had been 
required to apply the two-rule procedure. 
· However, those children who actually applied the 
two. rules in this investigation were generally very 
successful. It may be that at some stage in their 
development all children should have an opportunity 
to learn the two-rule procedUre and then to develop 
skill with the method with which they are most 
successful.l 
1Frances Flourney, 11 Children's Success with Two 
Methods .of Estimating the_Q.uotient~Figure, 11 The Arithmetic 
Teacher, 6: 104, March, 1959. 
l3A 
Af'ter 76 teaching days the f'ollowing conclusions were 
reached: (1) There was no signif'icant dif'f'erence between 
the mean scores of' the two groups. (2) There was no sig-
nif'icant dif'f'erence in the mean number of' computational 
errors made by the two groups. (3) The ability to use a 
one-f'igure divisor correlated the highest with the ability 
to use a two-f'igure divisor. (4) Contrary to the f'indings 
of' the Committee of' Seven1 there is no apparent reason why 
division with a two-f'igure divisor cannot be learned in 
grade f'our when a child has reached a mental-age level of' 
approximately nine years and seven months. 
Grossnickle stated in conclusion ttThe results of' this 
investigation do not warrant the recommendation that the 
apparent method of' estimation of' the quotient is superior 
2 
to the increase-by-one method or vice versa. 11 
Studies Based on Logical Analysis 
There have been studies made which have been based 
entirely on a detailed analysis and comparison of' the suc-
cess of' the methods (the estimated quotient was the true 
quotient) when applied to certain division exrunples which 
1
carleton 1vashburne, 111\Iental Age and the Arithmetic 
Curricul~un: A Summary of' the Committee of' Seven Grade 
Placement Investigation to Date,n Journal of' Educational 
Research, 23: 210-231, March, 193l. -
2Grossnickle, ~· cit., p. 677. 
were defined at the outset. Before beginning to explain in 
detail the various studies it is well to point out that all 
of the studies are based on the assumption that children 
who are taught a particular method for estimating the quo-
tient will use that method when working independently. 
Among the early research 2n the field of division is 
Knight 1 s1 report of Jeep's study in wliich Jeep tested 
21,465 examples with divisors the second digit of which was 
~ess than six ~Dd 18,630 examples with divisors in which the 
second digit 1..ras six or larger to see which rule (the 
~. 
apparent quotient rule or the increase-by-one rule) was the 
better rule to use. Jeep discovered that neither the 
apparent quotient rule nor the increase-by-one rule would 
yield the true quotient in every instance. "When the apparen 
quotient rule was used he found that the estliuated quotient 
was the true quotient in 6,689 examples while the estimated 
quotient was too large in 9,260 exan~les. The correction 
ranged, Jeep found, from one to five whichl according to 
hLm, was important because the difficulty of obtaining the 
correct quotient increased in the same ratio as the size of 
the correction. lie concluded that the apparent rule not 
only failed to yield the true quotient in more instances 
but the degree of difficulty was greater. 
l 
Knight., £1?.• cit.., pp'" 41-48. 
1 
When the increase-by-one rule was used Jeep found that 
the estimated quotient was true in 14,687 examples while it 
was too small in 3,853 examples and too large in 90 examples 
The correction was never more than 2. He concluded that 
the increase-by-one rule failed to yield the quotient less 
often than the apparent and had a smaller degree of diffi-
culty but, if the rule failed, .tl~e correction might be 
either an increase or decrease with the danger of confusing 
the child. If the increase~by-one method were used it would 
mean that both rules would be taught and this, too, would 
raise the danger of confusing.the child with two methods for 
estimating the quotient. 
Grossnickle has conducted more research and written 
more about division by two-figure divisors than any other 
person in the arithmetic field. One of his earliest 
studies1 outlined the advantages and disadvantages of the 
11 apparent methodu and the 11 increase-by-one method11 • The 
greatest objection against the apparent method, he felt, 
was its inaccuracy in giving the true quotient. The esti-
mated quotient might be as much as five removed from the 
true quotient. If the increase-by-one method were used 
1Foster E. Grossnickle, 11How to Es·t;imate the Quotient 
Figm"e in Long Division, 11 Elementary School Journal, 32: 
299-306, December, 1931 •.. 
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the estimated quotient would never be more than ti~ee re-
moved in cases o~ divisors ending in 1-5; the true quotient 
was never more than two removed in divisors ending in 6-9. 
From the standpoint of the number o~ corrections the in-
crease-by-one method was superior to the apparent~ He went 
on to say, however, 
Although the increase-byMone method shows a slight 
advantage over the apparent method ~rom the standpoint 
o~ the accuracy o~ the two method$,the advantage o~ 
the former method is lost because o~ the necessity o~ 
learning two different procedures for corrections.l 
Grossnickle explained that there was less difficulty 
in correcting the es,timated quotient when the apparent meth-
od was used. If the estimated ~igure were wrong the true 
quotient was always found by decreasing the estimated quo-
tient, whereas, in the increase-by-one method the correction 
was made either by an increase or a decrease. ~~e pupil 
was able to discover an error in the quotient much more 
quickly in the apparent method because he could see ~edi­
ately that the product o~ the estimated figure and divisor 
was larger than the partial dividend. In the increase-by-
one method the product of the estimated ~igure ru~d divisor 
might be smaller than the partial dividend making it possi-
ble to subtract and carry on the process even though the 
1 IbJ... d, 300 p.. . • 
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quotient figure was not correct. 
Grossnickle analyzed 44,550 examples by dividing each 
example first using the apparent method and then the in-
crease-by-one method. He used as divisors ll-99 but ex-
eluded all divisors ending in 0 because, according to Gross-
nickle, dividing by such a number was equivalent to dividing 
by a one-figure divisor. He also considered an apparent 
quotient of 10 or more as an apparent quotient of nine. As 
a result he found that in using the apparent method the quo-
tient was true or one less than true in 96.22 per cent of 
the examples. 
However~ Grossnickle introduced a new combination of 
methods - the apparent method for those divisors ending in 
1-8 and the increase-by-one method for those ending in 9. 
Using this method he found that the true quotient was either 
the apparent quotient or one removed in'97.35· per cent of 
the examples which compared very favorably with the 99.23 
per cent when the increase-by-one method was used on d~vi­
sors ending in 6-9. 11 Such a small difference,n said Gross-
nickle, uis not sufficient to warrant a claim of superiority 
for either method. When ease of correction is considered 
the apparent method is preferable to the increase-by-one 
. 1 
method. 11 
1Ibid, p. 306. 
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There were a ~ew examples in which the correction was 
made by increasing by one the estimated quotient. This 
occurred when the divisor ending in nine was made the next 
decade number but it happened only in 0.91 per cent of all 
possible examples. For this reason Grossnickle felt that 
divisors ending in nine might be considered special cases. 
Grossnickle, therefore, recommended 
the use o~ the apparent method of estimating the 
quotients ~or all two-figure divisors ending in 
l-g, inclusive. If this method is used, there 
will be 37 examples, or 0.083 per cent of the 
total number of examples in which the true quotient 
is more than 2 removed from the estimated quotient, 
the divisors from 13 to 18 being excluded. When 
the latter diviso~s are used, the pupil must either 
know the pertinent multiplication facts or depend 
on trial and error.l 
In another article2 Grossnickle showed hov.r the accu-
racy of the estimated number might be checked without writ-
ing the product o~ the quotient and the divisor when using 
the apparent method. For example in 34)1685 the pupil 
thinks, 0 :S:ow many 3's in 16? 11 ttThere are five 3's in 16 
~ 
and one remaining which makes the next number 18. 11 nWill 
.• 
18 contain six 4's?n nsince six 4's are more than 18, the 
'~ 
true quotient will be one less than six, ·or·five. 11 
l . 
Ibid, p. 306. 
2 . 
Foster E. Grossnickle, n:s:ow to Test the Accuracy o~ 
the Estimated Quotient Figure, 1•1 Elementary School Journal, 
32: 41f2-446, February, 1932. 
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Grossnickle commented that 
If the increase-by-~ne method of estimati~~ the 
quotient is used, the validity of the quotient figure 
for divisors having unitst digits of 6, 7, or 8 can-
not be readily checked except by actually finding the 
product of the quotient and divisol and comparing this 
product with the partial dividend. 
Since Grossnickle2 contended that the need for correc-
tion of the quotient figure was more easily determined in 
some estimations than in others he classified the divisors 
for ease of both estimating and correcting the estimated 
quotient when the apparent method was used and when the 
increase-b:r-one method w-as used. 
When the increase-by-one method was used he found 
that in approximately 85 per cent of the total number of 
examples the estimated quotient was true or the need for 
the correction evident. In 15 per cent of the examples the 
.estimated figure required correction that was not evident. 
Of this 15 per cent, eight per cent of the estimated figures 
had to be increased and seven per cent decreased. 
If the apparent method were used the estimated figure 
was the true quotient or the nee.d for arriving at the true 
quotient was self-evident in approximately 80 per cent of 
the cases. In about 20 per cent of the cases the estimated 
1 Ibid, p. 41+6. 
~oster E~ Grossnickle, 11 Classification of the Estima-
tions in Two Methods of Finding the Quotient in Long Divi-
sion, 11 Elementary School .Journal, 32: 595-604, April, 1932. 
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quotient must be changed when the need was not self-evident. 
This was a difference of only five per cent between the 
apparent method and the incr~ase-by-one method. Grossnickle 
concluded 
These data lead to the conclusion that the ap-
parent method is almost as accurate as the increase-
by-one procedure. (It is understood that divisors 
ending in 9 are treated as special cases and are 
increased to the next decade number.) In the in-
crease-by-one method it is evident that, if an in-
correct quotient figure is obtained, two distinct 
procedures must be learned for making the necessary 
corrections to find the true quotient figure. It 
may be necessary to make the estimated figure two 
more or two less. Since only one method must be 
learned for rectifying an incorrectly estimated figure 
in the apparent method (decreasing the estimated 
figure), the advantage for the learner which exists 
between1 the two methods seems to favor the apparent method. . 
2 . Upton advocated the two-rule method for division of 
two-figure divisors. However, he also devised a 11 system11 
- . 
which ngives the right quotient on the first trial in 4 out 
of every 5 cases; the remaining cases having almost always 
a quotient that is right within i.n3 He called this 
nsystem A11 which was comprised of five rules. Besides Rules 
- -I and II (which are the same as the increase-by-one or two-
rule method) he added three more: Rule III which is a 
1Ibid, p. 604. 
26. B. Upton, 111·1aking Long Division Automatic,u 
Tenth Yearbook National Council of Teachers of Mathematics 
(New York Bureau of Publications-,-Teachers COllege, 
.Columb~a ~niversity,. 1936) pp. 251~289. 
. ·-Ib~d, p. 275. ·· 
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method of inspection or comparison, e.g. in 27}2g it is im-
mediately seen that the quotient figure should be one or 
in 17)13 it is immediately seen that the quotient figure is 
zero; Rule IV assumes that the multiples of ll, 12, and 25 
up to nine tim~s each of these divisors have been memorized 
and that these products will be used in obtaining quotient 
figures; Rule V - the divisors 13 to 18 are treated separate 
ly just as difficult words<in spelling are treated. 
Upton went on to say that 
System A comprises .a total of 43,740 cases in 
long division - gives right quotient figure on first 
trial in 80.43% of all these cases, a quotient that 
is right within 1 in_19.29% of the cases, and a quo-
tient that is right within-2 in 0.28% of the cases.l 
He asserted that the practice of increasing the first 
figure of the divisor by one in certain cases has been 
approved for many years. 11 The main difficulty, 11 according 
to Upton, 11has been a lack of definiteness as to whether it 
should be limited to divisors ending in 8 and 9 or whether 
2 
it should include those ending in 6 and 7 as well.n 
lows: 
Upton summarized thec.advantages of Rule II as fol-
1Ibid, p. 275. 
2Ibid, p. 288. 
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1. Out or a total or 17,920 cases Rule II gives 
the right quotient rigure on the first trial in 
80.46% or cases whereas Rule I gives it on 47.01%. 
Ir the quotient rigure is not.right on the rirst. 
trial, Rule II generally requires only a single 
correction or.the quotient rigure while Rule I may 
require t1vo or three. . 
2. Rule II avoids all the dirriculties arising 
rrom 2,400 cases where Rule I produces a two-rigure 
quotient ranging rrom 10-14. In these cases Rule II 
gives a one-rigure quotient. 
·3. Rule II gives pupils excellent training in 
'rounding orrt numbers, a very userul accomplishment. 
~ 4. 1fuen Rule II is use(J.. with Rule I the pupil 
doesn't hav·e to learn any more methods or correcting 
quoti®nt rigures than are necessary ir he uses Rule 
I exclusively. Those who use only Rule I must know 
two ways of correcting the quotient figure in order 
to work examples by the trial and error method, such 
cases occurring more often when Rule I i1 used ex-
clusively than when both rules are used. 
He concluded by saying_, nit is largely ignorance or 
the racts concerning this matter that has kept many people 
rrom using Rule II for all divisors ending in 6 to 9_, as 
is advocated in System A. 11 2 
Osburn~ on the other hand, advocated the one-rule 
method. He said that much had been written on the problem 
of the best means of arriving at a true quotient. He be-
lieved that nmost of the discussion has been inaccurate and 
1 Ib-rd. 284 
.... J p. • 
2Ibid, p. 284. 
3Worth J. Osburn_, nLevels or Difriculty in Long 
Division, 11 Elementary School Journal, 46: 441-447, April, 
1946. 
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needlessly complicated. In the first place 61 per cent of' 
the long division exercises that any of' us will ever have 
to do are entirely free f'rom the difficulties of estimation 
because all the quotients are apparent. 111 
-
In his study of 49,050 examples Osburn f'ound that, 
although Rule Two was recommended by its proponents for 
divisors ending in 6,7,8, and 9 only, there were 9,360 ex-
amples with divisors ending in o-5 in which there were non-
apparent quotients. Among these Rule Two succeeded 4,083 
times when Rule One failed. Rule Two f'ailed 5,842 tlines 
out of the 20,700 times in which it was supposed to work. 
Another objection to the use of Rule T"'.Vo that Osburn made 
,was that when the rule failed the child met with a remain-
der larger than his divisor, a fact which was more difficult 
for a child to perceive than when, in using Rule One, he 
met with a subtrahend that was too large. Re emphasized 
the f'act that the apparent quotient was too large by more 
than one in 2,351 examples or only five per cent of the 
entire cases. In other words, the pupil could solve 24 out 
of every 25 examples. Out of these 2,351 examples Rule Two 
would take care of only 1,466 cases because 406 were ex-
amples with divisors ending in less than six and 699 were 
lib-fd. 44E' 
..... J p. -y~ 
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cases in which Rule Two .failed. 
In the example 26}242 the apparent quotient was one. 
There were 4j050 possible examples in this category and 
Rule Two was useless in 2,261 of these according to Osburn. 
Rule Two succeeded in 14,858 o.f the cases .for which it 
was recommended but Rule One also succeeded in 4,890 o.f 
these. Since, Osburn·said, Rule One had·to be taught and· 
the introduction o.f Rule Two led to intolerable con.fusion, 
he recommended using Rule One in all cases .for the beginner 
and the slow learner with the instruction to try a quotient 
figure one less each time until the correct quotient .figure 
is determined. 
In sQmmarizing his case, Osburn pointed out again that 
when Rule One 
is used with instructions to try a quotient figure 
less by one when a subtrahend is too large, the 
learner can handle all but .five per cent o.f any long 
division that he will ever be called upon to do. 
With this .five per cent the increase-by-one rule 
works in only 53 per cent of the cases. Thus the 
rule is o.f service in only 1,246 o.f a possible 
49,050 cases. For this reason it is recommended that 
the rule ~e ignored by inexperienced users of long 
division. 
2 
l Morton, in his statistical study o~ two-~igure divi-
sors which end in l-9, also tried to ~ind out which o~ the 
two methods (apparent method or increase-by-one method) ob-
tained the correct quotient ~igure on the ~irst estimation 
the greater number o~ times. The total number o~ examples 
studied by him was 40,014 and included 11for each two-~igure 
divisor (except those ending in 0) all dividends ~rom that 
number which is one more than the divisor to and including 
that number which is one less than 10 times the divisor.n 2 
Also included were the numbers which are in the same decade 
as that o~ the divisor. In the total picture, that is, 
divisors ending in l-9, the correct ~igure was obtained by 
the apparent method in 21,264 examples or in 53.1 per cent 
o~ the examples; in the increase-by~one method the correct 
quotient ~igure was obtained in 24,515 examples· or 61.3 per 
cent o~ the examples. 
However, when Morton separated his examples into divi-
sors ending in l-4 and 6-9 the ~allowing results were noted: 
in divisors ending in l-4 the apparent method was success-
~ul in 12,349 examples or 72.8 per cent of the examples, 
whereas the increase-by-one method was successful in 7,235 
examples or 42.6 per cent of the examples; in divisors end-
1R. L, Morton, 11 Estimating Quotient Figures When 
Dividing by Two-Place .. Numbers, 11 Elementary School Journal 
48: 141-148, November, 1947. . 
2Ibid, 
ing in 6-9 the apparent method was successful in 6,649 ex-
amples or 35.8 per cent of the examples, whereas the increase 
by-one method was successful in 14,680 examples or 79 per 
cent of the examples. 
Morton went on to point out that there were 4,644 ~x­
amples having divisors ending in 6,7,8, or 9 and located in 
the teens, 20 1 s, 30 1 s, or 40's. If the apparent method were 
used in these examples the estimation was correct on the 
first trial in 13.1 per cent of the examples, but, if the 
increase-by-one method were used the first estimation was 
correct in 63.9 per cent of the examples. The ratio of the 
successes of the increase-by-one method to the apparent 
method was five to one. On the basis of his study Morton 
recommended the rounding of divisors ttto the near~st multi-
ple of 10, 100, 1000 etc., as a means of increasing the ac-
curacy of estimates of the quotient figure. 111 (Although this 
is what Morton said, he did not follow this procedure since 
he rounded downward those divisors whiCh end in 5.) He 
further said that 
Rounding numbers is a highly desirable practice 
if numbers are to be understood and correctly inter-
preted, if they are to be remembered, if advance 
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estimates are to be made of approximate answers in 
division and other processes~ and if a decision is 
to be made regarding the reasonableness of an obtained 
answer. The practice of rounding divisors upward as 
well as downward is in harmony with t~e practice of 
rounding numbers in other situations. 
To counter the objection that Morton said was some-
times raised that, if pupils were taught to round some 
divisors downward and other divisors upward, they were be-
ing taught two methods of division, he claimed the objection 
was not well-founded, since the fact that pupils were 
taught to round numbers upward as well as downward did not 
in itself establish a new and different method. He con-
eluded by saying 
Any temporary delay or added difficulty in learn-
ing caused by the instruction to round certain divi-
sors upward is far more than offset by the saving in 
time and energy and the increased satisfac~ion re-
sulting from a more efficient performance. 
Moser3 contrasts Mortonts4 views with those of Osburn?. 
Morton supported the two-rule method while Osburn advocated 
the one-rule method. Moser commented 
The conflicting evidence reported by these two 
1Ibid, p. 148. 
2Ibid, p. 148. 
3Harold E. Moser, nTwo Procedures for Estimating 
Q,uotient Figures When Dividing by Two-Place Numbers, 11 
Elementary School Journal, 49: May~June, 1949. 
~orton, £E• cit. 
50sburn, ££• cit. 
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writers using the same research technique must be 
confusing to many teachers or arithmetic. 
No statistical study or the type described above 
can decide whether the one-rule or the two-rule method 
is better. Each writer's statistics are correct ror 
the assumptions employed. One illustration may be 
cited to show how the data collected are ar.fected by 
the postulates o.f the researchers. On the assumption 
that no pupil who is ready ror division by two-place 
numbers should rind it dirricult to estimate the quo-
tient ir the dividend is no larger than the divisor 
or ir the divisor epds in zero, as in 26TI5 and 30T70, 
Morton excluded 9,036 examples includrd by Osburn. 
The assumption is questioned by many. 
Moser believed that evidence based on statistical 
count was userul but that it oversimpliried the teaching 
problem o.f the classroom teacher. He relt that there should 
be consideration o.f such questions as: 
l. How does the division perrormance o.f these op-
era·to:o:s.. using Rule l exclusively compare with that or 
operators using Rule l and 2 combined? The extent 
to which relative division. er.ficiency 'is.arrected by 
the procedures would be valuable data indeed. Such 
information would determine the extent to which the 
problem is a real educational issue. 
2. Which procedure is better suited to the capacity 
o.f the child who is learning to estimate quotient 
.figures? This question looks to the learning prob-
lems raced by the beginner. Are the demands on the 
learner in the case o.f the two-rule meth,2d in propor-
tion to the increased benerits received? 
Moser went on to say that ir the percentages and ratio 
used by Morton3 have practical implications, the one-rule 
1Moser, op. cit., p. 518. 
2Ibid, p .. 519. 
3Morton, QE• cit.~ 
method should be much less efficient, if not in accuracy, 
at least in speed. However, in a research study made·with 
college freshmen, those students who used Rule I exclusively 
on a test of division with divisors ending in 6-9 made 
scores equal to those students who used the two-rule pro-
cedure. 
Based on a psychological analysis of the difficulties 
of children attacking the problem of learning to estimate 
quotient figures Moser said that the advantages of a single 
general methodfor the slow learner and the beginner hardly 
needed emphasis. The one-rule method used a procedure, 
according to Moser, which ttalways worksn. 
Moser maintained that the two-rule method was a com-
bination of two methods - one for one group of divisors and 
another for a second group of divisors. In the one-rule 
method the guide figure is seen and does not change. The 
estimate, if not correct, is always too large. 
In the second rule of the two-rule method, according 
to Moser, nthe tenst figure of the divisor is manipulated, 
being regarded at the beginning as one larger than its 
visibly true self and subsequently being recognized for 
what it actually is.ul (That is - in the example 36~ 
the 36 is rounded upward to 40 for the purposes of estima-
1Moser, QE• cit., p. 521. 
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tion but then when the pupil multiplies he again has to 
think of' it as 36.) If the estimate was wrong it is always 
too small. The pupil has to subtract before he can find 
out if the estimate is correct by comparing the remainder 
with the divisor. 
Moser felt that not only the underestL~ate was more 
difficult to handle than the overestimate but the fact that 
those who use the two-rule method will be confronted with 
an over-estimate that will require a downward adjustment, 
while in other cases they will meet with an underestimate 
that will require an upward adjustment means that the two 
methods of' estimation and adjustment are in sharp conflict. 
Moser did not go along with Morton's rounding of 
numbers argument because the rounding of' numbers is not 
usually taught before division by a two-figure divisor is 
started. Also the two-rule method did not follmv the rules 
for rounding numbers as far as divisors ending in five are 
concerned. 
Moser believed that the first rule was basic and that 
the second rule was intended to come to the rescue of the 
first rule. He further said 
Viewed in this manner, the mere recording of' the 
number of times the second rule yields the correct 
estimation without adjustment is a woefully uncritical 
representation of the value of' the second rule. 
Osbu.rn has shown that, of the 20,700 examples in which 
Rule Two properly applies, there are only 9,878 cases 
in which the second rule works at the first trial 
when the one-rule method does not. He·also shows 
that in many of:. the 'tough· spots t in division the 
Rule Two procedure operates with~greatly dlminishing 
efficiency. For these reasons Osburn believes the 
margin of helpfulness is not worth the interferences 
and frustrations arising from teaching an auxiliary 
rule which is so contrary to the basic rule.l 
Moser agreed wholeheartedly with Osburn2 in this point 
of view. 
Buckingham3 supported his recommendation that it is 
better to teach the one-rule method by citing Osburnts 
figures. Buckingham said 
Summarizing we find cases in which (disregarding 
the difficulty of doing it) the second.rule is (1) 
advantageous; but we also find cases in which it is 
(2) unhelpful~ (3) disadvantageous~ (4) unnecessary, 
and (5) inapplicable.4 
The total ineffectiveness of the second rule amounted 
to 20~182 cases and it was advantageous (worked at first 
trial when Rule One did not) in only 9,878 cases. For 
these reasons Buckingham went on to say 
It seems advisable, therefore, to adopt the one-
~oser~ op. cit., p. 522. 
2w. ;r. Osburn, 11 Division by Dichotomy as Applied to 
the Est~ation of Quotient Figures, 11 Elementar'l School 
J"ournal, 50: 326-330, February, 1950. 
3Burd~tte R. Buckingham, Elementary Arithmetic: Its 
Meaning and Practice (Boston: Ginn and Company, 19)3)-
4Ibid, p. 200. 
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rule method, at least until expertness in estimating 
quotient figures has been attained. • • • 
It is probable, however, that as the student works 
by the sometimes slow but always sure one-rule meth-
od, expertness will develop in quite another way than 
by the use of a supplementary rule.l 
In another article Osburn2 criticized both Mortonts3 
and Uptonts4 studies because both had omitted some examples 
which, to Osburn, were very important to the whole picture. 
Both left out all the examples in which the dividend was 
less than the divisor and Upton left out all divisors of 
16, 17, and 18. Osburn contrasted these two studies with 
the one he did in which he was concerned with all the possi-
ble division examples in which the divisor is a two-place 
number ending with 6, 7, 8, or 9 and in which the quotient 
is a one-place num.ber 1vi th or without a remainder. His 
total was 20,700 examples as compared with Mortonts total 
of 18,504 and Upton's total of 18,090. 
In further criticism of the two studies Osburn went 
on to say 
In the cases under discussion Morton and Upton 
have failed to show the number of examples in which 
Rule T1vo is unnecessary because Rule One succeeds 
also •. They have failed also to show the number of 
libid, p. 200. 
2worth J. Osburn, 212.• cit. 
3R. L. Morton, 212.• cit. 
4G. B. Upton, _21?.· cit. 
examples in which Rule Two is harrnf'ul. They have 
failed to show the n~mber of examples in which Rule 
Two is unhelpful bec~use both rules fail. Finally~ 
they have failed to discover the all important com-
partment which shows the number of examples in which 
Rule Two is really helpful. From these inadequate 
data they arrive at a figure :for the per cent of 
efficiency which is far abov~ 47 per cent - the figure 
reached in the present study.l . 
Mueller in commenting upon Upton's study said 
These statistics seem to indicate that error in 
this guessing at the. correct quotient digit by use 
of trial divisors is minimized by: (a) using the 
first digit as the trial divisor when the second digit 
is 0,1~2~3,4, or 5; (b) using·the first digit in-
creased by one when the second digit is 6~7,8, or 9~ 
This conclusion is based entirely upon probabilities 
and does not recognize any of the psychological diffi-
culties which ~ght be created in the teaching of 
such a method. . 
Other Pertinent Research 
Brue.Ckner and Melbye} reported that the Committee of 
Seven proposed originally that the process of long division 
should be taught to pupils of the minimum mental age of 
1 Osburn, ££• cit., p. 329. 
2Francis J. Muellerj Arith~etic Its Structure and 
Concepts (Englewood Cliffs, New Jersey-:--Prentic Hal~Inc., 
1956) p. 422. . . . 
3Leo J. Brueckner and Harvey o. Melbye, ttRelative 
DifficultK of Types of Examples in D~vis~on with Two-Figure 
Divisors, 1 Journal of Educational Research, 33: 401-414, 
February, .1940. -
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about twelve years seven months+ They determined the best 
point at which to teach the entire process to completion. 
There were no recommendations as to when the easier elements 
o~ the process could be taught e~~ectively. The general 
recommendations o~ the Committee o~ Seven were attacked ~or 
a number o~ reasons: the inadequacy o~ the test used to 
measure achievement in long division which consisted o~ ten 
examples~ ~our of themwith one-~igure quotients; unr.eli-
able measures o~ mental age used and the possibility that 
the instructional materials used were not constructed as 
e~ficiently as they might have been with the i~ormation 
now available and the lack o~ control o~ conditions under 
which the teaching was done. 
Brueckner and Melbye went on to say 
It appears that we need at least two additional 
types o~ research on long division~ namely~ studies 
o~ the need o~ long division in the lives o~ 
children~ and studies o~ methods and materials ~or 
teaching the process to pupils at various stages 
o~ development so that the process can be taught 
success~ully at various points in the cu.rriculum 
when the need ~or mastering it may arise ....•..• 
1 carleton Washburne, 11 Mental Age and the Arithmetic 
Curri culu_rn: A Summary o~ the Committee o~ Seven Grade 
Plaeement Investigation to Date, 11 .Tournal o~ Educational 
Research~ 23: 226~ March~ 1931. -
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It may be that instead of teaching the whole proces 
to completion at one time it would be desirable to 
arrange the teaching program in such a way that the 
learning would be spread over a number of years, the 
easier elements coming earlier in the program and the 
more difficult elements at a later time. It is with 
this pr~blem of gradation that this article is con-
cerned. 
According to Brueckner and Melbye there was a study 
made at the University of Minnesota of the relative diffi-
culty of the various elements in long division with two-
place divisors for pupils in grades 5B to 6A in .a typical 
school system. The rudiments of the process were started 
in 4A and it was completed in 5B or early in 5A. The method 
used was the increase-by-one for divisors ending in 6,7,8, 
and 9. Upon completion of the testing program the follow-
ing conclusions were drawn: 
l. Long division is not a single general ability 
but apparently is a process that consists of a con-
siderable variety of skills found in combination 
varying widely in difficulty. 
2. Examples in which the apparent quotients are the 
true quotients are much easier for children of grade 
five and six than the type in which the apparent quo-
tient must be corrected. The difference in difficulty 
is so great that the two major types should not be 
taught at the same grade level. 
3. The findings for mental age level required to 
reach an index of less than 25 per cent of error 
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A. One-figure quotients 
1. Apparent quotient is true quotient~ men-
tal age of 10 to 11 years 
2. Apparent quotient is not true~ mental age 
of 13 to 14 years 
B. Two and three-figure quotients 
1. Apparent quotient is true quotient~ men-
tal age of 10 to 11 years 
2. Apparent quotient is not true~ mental age 
of 14 to 15 years 
3. Zeros in quotients, mental age of 13 to 
14 years 4. A comparison of the figures for each major type 
reveals the marked differences there are among 
the various sub-types included in each group. 
This variability in difficulty should be taken 
into consideration in the gradation of the steps 
in teaching the procr:ss, and also in instruction-
al procedures •••• 
In general Brueckner and Melbye found that the mental 
level required to achieve an index of less than 25 per cent 
error was the samB for examples with either one or two quo-
tient figures when the apparent quotient was true. There 
was a year's difference in mental age level in solving ex-
amples with one-figure and two-figure quotients in the 
other type. Examples with zeros in the quotient, according 
to Brueckner and Melbye~ are about as difficult as examples 
with a one-figure quotient requiring a correction. 
Brueckner and Melbye also pointed out that the facts 
they have established in their study might show the way to 
what might be an effective sequence of instruction. 
1Ibid~ p. 412. 
In another study Grossnickle1 tried nto determine a 
pupil's ability to estimate a quotient figure when he knows 
2 
the divi.sion facts involved. 11 For the purposes of the 
study 197 fifth graders and 193 sixth graders, who had had 
practi.ce in estimating quotients for any kind of example by 
the apparent method~ were tested. The first form of the 
test contained certain basic facts and the other three forms 
used those facts in a two.;..figure divisor. On each succeed-
ing form the uni.ts' figure of the divisor was increased. 
The results of the tests indicated to Grossnickle that 
it's not much more difficult to estimate the quotient by a 
two-figure number which ends ·in zero than to estimate the 
quotient when the divisor is a one-fi.gure number. There 
was, however, more difficulty in estimating when the units' 
figure of a two-figure divisor is four or more than when the 
divisor is a multiple of ten. This fact applied, according 
to Grossnickle, whether or not the estimated figure was the 
true quotient or it had to be corrected. 
1Foster E. Grossnickle, 11 Division Facts and Their Use 
in Estimation of Quotient with_a T~-ro-Figure Divisor, 11 
Elementary School Journal, 45: 569-574, June_, 1945. -
2 Ibid, p. 569. 
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Grossnickle concluded by saying 
The significant point in this study is the great 
increase in difficulty in estimating the quotient when 
the divisor is near the middle or the upper l:Lmi t of 
the decade over the difficulty shown when the divisor 
is a decade number. Thus, estimating the quotient in 
the exam~.)~oTI9'5 is. not so difficult as in the ex-
ample 46)195, although the .procedures and the results 
are the same in each case by the use of the apparent 
method of estimation. The 1~iter believes that the 
reason for the great increase in the number of spo-
radic errors in the one type as compared with the 
other is caused by the associations formed by the 
pupil.as he attempts to grasp the significance of such 
a divisor as 46. He may estimate by 6 or have other · 
lapses created by the unitst figure which are not 
caused when this figure is zero or one. Very probab-
ly,· the fundamental difficulty results from the mech-
anistir approach to teaching estimation of the quo-
tient. 
While most authorities agree on the method or pro-
cedure to use when a two-figure divisor ends in 0,1,2,3, or 
4 there is some difference of opinion as to whether those 
divisors ending in 5 belong with this first group or should 
be included with those ending in 6,7,8, and 9. Karstens2 
undertook to find out whether, when dividing by two-figure 
n~mbers ending in 5, the next higher or the next lower 
decade divisors should be used as trial divisors. All 
possible dividends were included from twice the divisor up 
to but not including 10 times the divisor. Dividends less 
1 IbJ." d, r:'73 p. :;; • 
Harry Karstens, 11 Estimating the Quotient Figure, 11 
Journal. of Educational Research, 38: 522-528, March, 1945. 
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than twice the divisor were not included since these could 
be handled by inspection. 
As an example Karstens used the divisor 25. Every 
number ~rom 5o to 249 was used as a dividend and each ex-
ample was divided twice - once by ·20 and then by 30. Using 
20 as the trial divisor the estimate was correct or within 
one o~ correct 5o per cent o~ the time, whereas the score 
~or 30 was 85 per cent~ Karstens was impressed by this and 
went on to say 
The investigation demonstrates that there is a 
clear gain in using the higher decade trial divisors 
instead o~ the lo-vrer decade divisors. The gain is 
especially large with the smaller divisors, which, 
bear in mind, are the more ~requently used. The con-
clusion tope drawn is inescapable: THE •SECOND ·FIG-
URE 5' DTITISORS BELONG Ilif · THE UPPER GROUP, that is, ~- ]! 
with those divisors whose second ~ig~e is 6,7,8:~ or 9..-i 
Although aware that the use o~ the two-rule procedure 
would result in ~ewer situations where the estimated quo-
tient would be in error, Spitz~r2 still felt that because 
there were times with the two-rule method when the estimated 
quotient was not the true quotient that it was better to 
teach the one-rule procedure. He asserted that a good oppor 
tunity for confusion was introduced by teaching two rules. 
This 1•TaS caused, he said, by the fact that in the one.-rule 
1 Ibid, p. 526. 
2Herbert F. Spitzer, The Teachin~ o~ Arithmetic 
(Boston: Houghton Mif~lin Company, 19 4) •. 
procedure the trial quotient is decreased when it is in-
correct and in the two-rule procedure the trial quotient is 
increased. Spitzer went on to say 
The greater accuracy which results ~rom adding a 
second rule does not warrant, at least in beginning 
instruction of this phase of division, the liabilities 
encountered through teaching the second rule. It is 
therefore recommended that the single-lule procedure 
for estimating the quotient be taught. 
However, Spitzer maintained that after a year or two 
of using the one-rule method all should have the opportu-
nity to learn the two-rule procedure especially v-rith quo-
tients ending in 8 or 9~ 
2 Benz said that most teachers ~ind the teaching of 
division with two-digit divisors di~~icult and he agreed 
with others in the ~ield that much o~ the difficulty seemed 
to be when an attempt was being made to teach children to 
estimate quotient ~igures. He referred to the 11 apparent 
-
rule 11 and the 11 increase-by-one rulett as 11 Rule An and 11 Rule 
B11 in his study. 
He noted that Rule A worked more o~ten when the second 
digit o~ the div.isor v-ras small and that Rule B worked more 
-· 
often when the second digit o~ the divisor was large and 
1Ibid, P~ 167. 
~arry E. Benz, rrTwo-Digit Divisors Eriding in 4,5, or 
6,n The Arithmetic Teacher, .3: 187-191, November, 1956. 
that there were times;in which either would work and other 
times when neither would work. 
Benz went on to say 
Some advocate teaching children to work all divi-
sion examples by the use o~ Rule A. Others propose 
that both rules be used, Rule A when the second digit 
o~ the divisor is small, and Rule B when the units' 
~igure is large. O~ten these latter persons ~avor~ 
the use o~ Rule A when the divisor ends in 0,1,2,3, 
or 4, and the use o~ Rule B when the second digit is 
5,6,7,8, or 9, although some pre~er to teach pupils 
to1work all division examples with the use o~ Rule B. 
Benz maintained that the aim should be to teach chil-
. dren a procedure or combination o~ procedures that would 
result in getting the correct quotient ~igure as ~requently 
as possible. 
He voiced no opinion as to the merits o~ either rule 
but said that any judgment made should be based in part on 
careful analysis of the situations which were encountered 
when dividing by two-digit numbers which end in 4, 5, or 6. 
He ~urther said that there were 27 two-digit divisors 
ending in 4, 5, or 6 with a possible 13,365 examples being 
made with these divisors. This is one third o~ the total 
number of possible examples with two-digit divisors if 
those ending in zero are le~t out. 
1 Ibid, p. 188. 
He suggested that nTeachers who wish to help pupils 
in the.upper grades develop more mature procedures ~or 
estimating quotient ~igures may well consider the advisa-
bility o~ helping them to learn to use a combination o~ 
Rule A and Rule B. ul 
Another suggestion~ according to Benz~ would be to 
determine the trial quotient by both rules and then to put 
down the ~igure which seemed likely to be the true quotient. 
In considering such a suggestion he said the ~ollowing 
questions should be raised: 
1. Row o~ten do the two trulest yield the same 
L..3 
trial quotient? nmen they. do it~ is the true quotient ) 
2. Row o~ten do the two rules yield trial quo-
tients which dif~er by one? 
3. How often do the two ~ules yield trial quo-
tients which differ by ~~o? When this occurs~ how ~requently is the true quotient the number between? 2 
To ~acilitate a better evaluation o~ procedure Benz 
tried to answer the questions above by analyzing all the 
possible examples in which 25,34,35,36~45~55~65,75,84,85, 
and 86 were divisors. He showed how the application o~ · 
Rule A and Rule B to certain cases did or did not produce 
the correct quotient ~igure. 
~ter presenting his tables Benz made no speci~ic 
1 Ibid, p. 188 .. 
2 Ibid, p. 189. 
recommendations but, as Sueltz1 pointed out, Benz simply 
presented a problem and some data and lert the next step 
up to the teachers and research workers. 
The most recent analysis or the research on estimating 
the quotient in division was done by Hartung~ He prererred 
to use the term 11 round down11 method to rerer to the apparent 
. . 
method and the term 11 round both v-mys 11 to rerer to the in-
crease-by-one method. He suggested another method, the 
ttround up 11 method. 
Hartung said that one of the disagreeable reatures, 
he believed, or the "round downn method was the amount o:f 
erasing and retrials which were necessary. 
I:f the nround up 11 method is used the estimated quo-
tient never exceeds 9 and ir it is not the true quotient, 
it is always smaller than the true quotient. (This takes 
into account the ract that all cases in v-rhich the trial 
dividend is smaller than the divisor are handled by 11 under-
standingtt rather than by nmechanically applying the rule11 .) 
There is, thererore, no need :for a special rule as required 
in other cases when the estimate exceeds 9. Since the 
product of the trial quotient and the divisor is always 
smaller than the trial dividend the subtraction can be done. 
lsueltz, Q£• cit., p. 189. 
Maurice L. Hartung, nEstimating 'the Q.uotient in 
Division - A Criti.cal Analysis o:f Research, tt The Arithmetic 
Teacher : 100-111 A ril 19 
There is no need for erasing. If the remainder is not 
smaller than the divisor as in example A the pupil con-
tinues to subtract multiples of the divisor from the re-
mainder until it is smaller than the divisor~ H~ then 
adds the partial quotients he has found. 
A. 
1 
6 
Hartung felt that the 11 one rulen aspect of the 11 round 
' 
dowd1 method had been emphasized by most writers who have 
-11 ignored the various special rules that are co:mmonly at-
tached to it." 1 He went on to say 
1.oJhen these various special rules are taken into 
consideration, it becomes clear that the t round up t 
method comes much closer to being a 'one rule' method 
than the others do. The force of tradition, however, 
seems to have inhibited any mo2e than a superficial 
examination of its advantages. 
Hartung compared the success of the 11 round up 11 method 
with that of the 11 round downn method. He found that, using 
.. ~ 
Morton's assumptions, the ttround upn method produced more 
true quotients with larger differences as both tens' digit 
and units' digit increased. The 11 round up 11 method exceeded 
1 Ibid, p. 108. 
2Ibid, p. 108. 
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the If round do1m11 method by a total of' 3 ~ 251 examples f'or 
all divisors. 
In concluding Hartung expressed surprise that the 
11round up 11 method had not been taught until recently since 
he said that it is more successful on the f'i:rst trial than 
the 11 round down" method and it is a 11 one rule 11 method in 
which the necessary corrections are needed and that the 
troublesome situation in which the trial quotient is larger 
than 9 is avoided entirely. 
When the nround both waystt method vJas compared with 
the 11 round upu method Hartung noted that the 11 roUl;l.d'-both 
~- ..... 
waysn method, although it is more frequently succes.sf'ul 
than the 11 round upn method, is a 11 two-ru1en method in which 
corrections .may be either up or down and in which erasures 
are needed. He f'urther said 
Both methods avoid the situations in which the trial 
quotient exceeds 9. Thus a choice between these methods 
depends very largely upon whether one believes that the 
greater complexity of' the 'round both ways• method is 
outweighed by the savings achieved thlough-getting more 
estimates correct on the f'irst trial. 
1 IbJ.. d, 110. p. • 
Jrl) 
He concluded by saying that he ~elt that 
.. • • the advantages of obtaining a trial quotient 
smaller than the true quo~ient and the relative sim-
plicity o~ a tone rule' 'procedure outweigh gains in 
success on the ~irst trial~ and ~or at least the earl 
stages o~~'instruction therefore ~avors the 'round up' 
method. Later~ the pupils may be encouraged to 'roun 
down' wh~n the units' digit is small~ but in ~ull 
awareness o~ the di~ficulties that may arise through 
an overestimate.l · 
Sttmmary of Research Reported. In estimating the quotient 
when dividing by a two-figure divisor it is generally 
accepted that there are two methods or procedures: the 
apparent method or one-rule procedure and the increase-by-
one method or two-rule procedure. In the latest writing 
on this subject the procedure of rounding upward was also 
suggested. 
There is general agreement as to the difficulty of the 
division process and the procedure to be used in estimating 
the quotient when a ti-ro-figure divisor ends in 0~1,2~3,4~ 
and most authorities believe that those divisors ending in 
5 belong with this group also. The disagreement is over 
the procedure to use when two-figure divisors end in 6,7,8, 
and 9. 
1 Ibl. d, 110 p. . • 
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Although there have been various studies using 
logical analyses to try to settle the controversy, there 
has been little agreement on the outcome since, in each 
case, the examples on which each study was based differed. 
The one experLmental study that was conducted did not 
show that there was any significant difference between the 
results obtained when using either method of estimating the 
quotient when dividing by a two-figure divisor. However, 
this study was carried out 21 years ago at a time when 
arithmetic was not taught as meaningfully as it not<J' is and 
in a grade which is no longer recommended as the place to 
teach division by a two-figure divisor. 
Since there is so little agreement in the research 
the writer hopes, through the present investigation, to 
add some further light on the subject. 
Chapter III will present the plan and procedure of 
the experimental study. 
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CHAPTER III 
PLAN AND PROCEDURE 
Description of the Community. The experimental study 
was carried out in a community quite close to Boston with a 
population of about 60,000. There are eight elementary 
schools (kindergarten through grade eight), two primary 
schools (kindergarten through grade three) and the high 
school. T.he total enrolment for the system at the time of 
the study was 6,841 students of which 4,714 were in the 
elementary school and 2,127 in the high school. 
The town has no manufacturing and no great natural 
resources. Its natural features are good but they alone 
certainly do not make the town the ideal residential com-
munity it is known to be. The principal causes have been 
the modified form of town meeting government which it en-
joys and its notable school and recreation systems. 
Although the town is predominantly a rental community 
and has many multi-unit dwellings or apartment houses, 
sixty per cent of the sixteen thousand residential buildings 
are one family dwellings. 
The heterogeneous population includes representatives 
from more than thirty countries and a. few Negroes and Chi-
nese in addition to the native-born white residents. Al-
though there are skilled, semi-skilled, and unskilled work-
men who live around the business areas, most residents be-
long to the business and professional group. 
The economic status of the residents ranges from the 
relatively poor to the very rich. Those people whose posi-
tion on the economic scale is near the lower end tend to 
live around the business sections. 
Educators have long considered the school system to be 
among the better systems in the United States as far as lev-
el of expense per child_, salary level of' teachers, and the 
instructional program are concerned. The results of' stan-
dardized tests throughout the grades have indicated above 
average achievement in all basic areas of the curriculum. 
A Preliminary Study. For the purposes of' refining 
techniques for the experimental study and the construction 
and validation of' the necessary tests, a pilot study using 
two fifth grades was carried out a year prior to the present 
investigation. One of the f'if'th grades was taught the two-
rule method. The other fifth grade, which was the writerfs 
class, was divided into three groups~ Group I, II, and III: 
GroUp I learned only the one-rule method of' estimating quo-
tients when dividing by two-figure divisors; Group II was 
taught the two-rule procedure; Group III learned the one-
rule method and then changed to the two-rule method. 
Test II was built e.apecially f'or the experimental 
study. It involved division by two-place divisors and was 
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constructed in two equivalent forms, Form A and Form B. 
Each form consisted of 20 division examples in which repre-
sentative types of division difficulty were included. The 
division skills were analyzed into types of sub-skills and 
test items were formulated to correspond to this analysis. 
The types of examples may be analyzed somewhat as follows: 
Trial quotient the true quotient 
Two-place divisor, onest figure small 
No carrying in multiplication 
No borrowing in subtraction 
No remainders 
Two-place divisor, onesl figure small 
No carrying in multiplication 
No borrowing in subtraction 
Remainders 
Two-place divisor, ones' figure larger 
Carrying in multiplication 
Borr01ving in subtraction 
Remainders 
First partial dividend requiring one more figure 
than the two-figure divisor 
No carrying in multiplication 
lifo borrowing in subtraction 
Remainders 
First partial dividend requiring one more figure 
than the two-figure divisor 
Carrying in multiplication 
Borrowing in subtraction 
Remainders 
First partial dividend requiring one more figure 
than the two-figure divisor with zero in the divi-
dend 
First partial dividend requiring one more figure 
than the two-figure divisor with zero in the quo-
tient 
Boston UnivGreit~ 
School o~ Eduo&~i.en 
11 brar.i· ..,;...-
1~1 
Trial quotient not the true quotient 
Two-place divisor, onest figure 6, 7, 8, or 9 
Carrying in multiplication 
Borrowing in subtraction 
Rema:lnde:rs 
In addition to the aforementioned analysis an attempt 
was made to have Rule I and Rule II succeed an equal number 
of times in each form of the tests so that no group would 
have an advantage. 
Test II, in its two equivalent forms, Form A and Form 
B, was tried out on four fifth grades. After an item analy-
sis was made of both forms, minor revisions were made in 
Forni B .. 1 
After the pilot study was completed it was thought 
desirable to construct Part II2 of Form B to try to get at 
the thinking of each pupil as he estimated the trial quo-
tient to find out whether or not he used the plan he had 
been taught and, if not, what he did use. There were ten 
examp~es in which the divisors ended in 0,1,2,3,4,5,6,7,8, 
and 9. In these examples the pupil was to tell how he es-
tablished the first quotient figure. He did not work out 
any of the examples beyond estimating the quotient digit. 
1The reliability coefficients for Form A and Form B 
are reported in Appendix F. 
2see Appendix D. 
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In an example such as 86)276 he likely would say to himself 
11 86 will go into 276 about as many times as 8 will go into 
27 11 or~ if he had been in the two-rule group, he likely 
would say ll86 will go into 276 about as many tim~s as 9 
will go into 27. 11 If the pupil did something different he 
was asked to write down whatever he did as briefly as possi-
ble. To encourage each child to be perfectly honest the 
directions stressed the fact that there were no right or 
wrong answers. 
Although Test II, Form B, was in two parts, through-
out the study the writer will use uForm B11 to refer to Form 
B, Part I, which is equivalent to Form A. 
The experience gained by the writer in the pilot study 
and the suggestions of the other participating teacher 
proved invaluable in setting up the present investigation. 
Experimental Design. The experimental study was set 
up in order (l) to compare the relative merits or eEtimating 
quotients when dividing by a two-figure divisor: the one-
rule and two-rule method; and (2) to study the erfects of 
first learning the one-rule method and then introducing the 
~ro-rule method as an alternative. The following plan, 
which covered a thirty-week period and which includes the 
original experimental design with the revisions or modifi-
cations that were done at the time of the experiment, was 
used: 
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Phase 1 
Orientation of Teachers 
Phase 2 
Pre-testing of all 5th graders on relevant experimental fac 
such as the following: 
1. IQ and MA as measured by a standardized intelli-
gence test .• , 
2. Test I, Readiness Test for dividing by a two-figure 
divisor. ·· 
3. Division skill in dividing by a two-figure divi-
sor, as measured by specially constructed Test II, 
Form A. 
Separating into three groups roughly equated on relevant 
factors above. 
Group I 
Instructional pro-
gram in division 
using the one-rule 
method for estima-
ting the quotient. 
(Divisors ending 
in 0,1,2,3,4, and 
5) 
(5-week period) 
Phase 3 
Group II 
Instructional pro-
gram in division 
using the one-rule 
method for estima-
ting the quotient. 
(Divisors ending 
in 0,1,2,3,4, and 
5) 
(5-'t-veek period) 
Group III 
Instructional pro-
gram in division 
using the one-rule 
method for estima-
ting the quotient. 
(Divisors ending 
in 0,1,2,3,4, and 
5) 
(5-week period) 
54. 
Group I 
Continue instruc-
tional program in 
division with di-
visors ending in 
6,7,8, and 9 using 
the one-rule 
method. 
Maintenance 
Program 
(7-week period) 
Phase 4 
Group II 
Introduce the two-
rule method for 
estimating the 
quotient with di...; 
visors ending in 6, 
7 ,8, and 9. · 
Maintenance 
Program 
(7-week period) 
Group III 
Continue instruc-
tional program in 
division with di--
visors ending in 
6,7,8, and 9 using 
the one-rule 
method. 
Maintenance 
Program 
(4-week period) 
Instructional pro-
gram using two-
rule method. 
New 
Teaching 
(3-week period) 
Test II, Form B~ Parts I and II for all groups. 
Phase 5 
Lapse of time - 6 weeks - no specific instruction in divisior. 
Test II, Form A for all groups. 
Phase 6 
Lapse of time - 12 weeks ~ no specific instruction in divi-
sion. 
Test II, Form B, Part II for Groups II and III. 
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Phase l. Tb,e orientation of the teachers took place 
at a general meeting of all fifth grade teachers during 
which the purpose and plan of the study were explained in 
detail. The teachers were told that they were to take part 
in an investigation which, it was hoped, would be helpful 
in determining the relative merits of two methods of esti-
' 
mating quotients when dividing by a two-figure divisor: 
the one-rule and two-rule methods since these are the two 
most widely used today. The effects of first learning the 
one-rule method ~nd then introducing the two-rule method 
as an alternative also were to be studied. With the afore-
mentioned plan in mind the 22 classrooms were to be divided 
into three groups known hereafter as Groups I, II, and III. 
Group I would be taught only the one-rule method of esti-
mating the quotient; Group II, the two-rule method; and 
Group III, after learning the one-rule method and using it 
ior the first nine weeks during which it applied to all 
divisors, would chm~geover and be taught to use the in-
crease-by-one procedure for divisors ending in 6,7,8, and 
9 as an alternative for the last three weeks. 
The one-rule method, the teachers were reminded, was 
simply rounding the number downward and using the first 
figure of the divisor as the trial divisor regardless .of 
what the ones' figure might be. In doing the example 
32Tb>b the procedure would be to round the 32 downward to 
30 and say3 11 There are about as many 32's in 65 as there 
-
are ~ in 6. 11 In the example 36~ the procedure would 
not change 3 the 36 would be rounded downward to 30 and the 
pupil would say 3 11 There are about as many 36 r s in 65 as 
there are 3 r s in 6. 11 
The two-rule method 3 since it is the method followed 
in the community's arithmetic course of study, did not 
require much explanation. Th~ teachers were reminded that 
Group II would proceed exactly the same as Groups I and III 
when the divisors end in 0,1 3 2 3 3 3 4, and 5. However, when 
the divisors end in 6,7,8, or 9 those in Group II would 
round the divisor upward, which would be the same as using 
the first figure of the divisor increased by one as the 
trial divisor. In the example 32Tb>b the procedure would 
be to round downward the 32 to 30 and say, nThere are about 
as many 32's in 65 as there are 3 t s in 6. n In the example 
J6)b5b, however, the 36 would be rounded upward to 40 and 
the procedure would be to· say, nThere are about as many 
36 t s in 65 as there are ~ in 6. n 
It was also brought to the attention of the teachers 
that no matter what method of estimation was used the place-
ment of the quotient digit and. the other steps in division 
would follow the same procedur~s as they had been doing in 
the past. 
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The importance of following eAplicitly the directions 
in the Teachers' Plans1was emphasized. The need for giving 
the test exactly as directed on the specified dates was 
pointed out. The children were to be allowed to complete 
each test but an accurate record of the time needed for each 
pupil to complete the test was to be kept. 
The teachers were asked to keep logs of their part in 
the experiment in which they would record not only what they 
did but also any observations of the children as they worked 
which might prove to be of interest to the experiment. 
These logs were to be kept for the duration of the experi-
ment and then turned in for study and evaluation. 
Phase 2. 2 Before the experiment was started Test I, 
a test of readiness for division by two-place divisors as 
prepared and validated by William A. Brownell~ was adminis-
tered. Out of a total of 28 examples there were 7 examples 
in multiplication by a one-place multiplier, 7 examples in 
subtraction, and 14 examples in division by a one-place 
divisor. A record of the time required to do the examples 
and the number right was kept for each child. 
1
see Appendix E. 
2 See Appendix A. 
3
william A. Brownell, nArithrnetical Readiness as a 
Practical Classroom Concept, 11 Elementary School .Journal, 
52: 17, September, 1951. 
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. 1 
Test II, Form A, a;test of 20 examples in division 
by two-place divisors was then given to determine each 
pup.:tl' s initial s_tatus in division by two-figure divisors. 
A record of the number right was kept for each child. 
Originally the time required to do the examples was recorded 
but, since some of the children did not even try to do the 
test, the time as a measure had no validity and could not 
be used on this test. 
. 2 The KuhLmann-Anderson Intelligence Test was adminis-
tered to all fifth graders-by the Read of the Testing De-
partment. From this test each chil~ts mental age and in-
telligence quotient were determined. 
The 22 classrooms then .1-vere separated into three 
groups roughly equated on the relevant factors just men-
tioned. It 1.ras not until the end of the experiment that 
the groups were statistically equated so that an analysis 
of the data could be made. Groups .I and II had· 7 classes 
and Group III had eight. Table I shows the distribution 
of the classes among the three groups. 
1see Appendix B. 
F. Kuhlmann and Rose G. Anderson, The Kuhlmann-
Anderson Intelligence Test, Form E (Princeton, New Jersey: 
The Personnel Press, 1952) 
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TABLE I 
NUMBER OF PUPILS IN EACH PARTICIPATING CLASS 
AT START OF EXPERIMENTAL STTJDY 
Group I Group II Group III 
Classroom Pupils · Classroom Pupils Classroom Pupils 
Class A 20 Glass A 20 Class A 17 
Class B 30 Glass B 28 Glass B 31 
Glass G 24 Glass G 25 Class a 23 
Glass D 23 Class D 20 Glass D 22 
Glass E 29 Glass E 25 Glass E 29 
Glass F 24 Glass F 23 Class F 27 
Glass G 29 Class G 27 Class G 29 
Glass H 19 
179 1b8 197 
Av. Class 
Size 25+ 24+ 24+ 
At the beginning of the experimental study there were 
179 pupils in Group I, 168 pupils in Group II, and 197 pu~ 
pils in Group III, with an overall total of 544 pupils. 
The average classroom size was 25+ for Group I and 24+ for 
both Groups II and III. 
The teachers in this community have been selected 
very carefully and all have had teaching experience prior 
to their present positions. An attempt was made to roughly 
equate the teachers on the basis of their total teaching 
, experience. Thus each group had some teachers of long ex-
\ 
I 
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perience as well as some with shorter teaching spans. The. 
everage number of' years o:f experience in each group was 
eight. 
Phase 3. On October 14, 1957 all groups began their 
instructional program in division using the one-rule method 
f'or estimating the quotient with divisors ending in 0,1,2, 
3,4, and 5. The f'irst :five weeks all three groups had like 
instruction. 
Phase 4. Starting November 18, 1957 the three groups 
began to work with divisors ending in 6,7,8, and 9. Groups 
I and III continued to use the one-rule method :for esti-
mating the quotient while. Group II was introduced to the 
two-rule method. For the next f'our weeks while Groups I 
and III continued to use the one-rule method Group II was 
introduced to the two-rule method. For the ensuing three-
week period Group I continued with the one-rule method 
and Group II continued with the two-rule method. However, 
Group III was introduced to the two-rule method. The 
termination of' this three-week period marked the completion 
of' the instructional program in division. 
On J"amuary 28, 1958 (twelve weeks af'ter the start of' 
the experimental study) Test II, Form B, Parts I ·and II, 
was administered to the three groups. 
Phase 5. Then f'ollowed a six-1-.reeks lapse o:f time 
during which there was no specif'ic instruction in division. 
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At the close or this period on March 11, 19 
A was administered as a retention measure. 
Test II, Form 
Phase 6. .After a twelve-weeks. lapse or time during 
which there was no speciric instruction in division, Test 
II, Form B, Part II was administered to Groups II and III 
to determine whether the lapse or time would bring about 
any changes in the methods used by the children in estimat-
ing quotients. Group I was not included because practically 
all or the group had used the one-rule method or estimating 
on Test II, Form B, Part II given on January 28, 1958. 
Observers. Twice during the experimental study the 
principal or each school visited the various rirth grade 
classrooms during the arithmetic period. The visits were 
spaced so that one came in the beginning or 11 Phase 411 when 
the three groups were working with divisors ending in 6,7,8, 
and 9 and the second in the last two weeks or the experiment 
after Group II had made the changeover rrom the one-rule 
method to the two-rule method. Arter each visit the prin-· 
cipal reported the results or his observations on a rorml 
provided ror him. He was not inrormed ahead or time whiCh 
group the particular class he was visiting was in. He sim-
ply reported the method he thought the teacher was teaching 
in her instructions and the method the children seemed to · 
be using. .At no time did any principal report that he had 
lsee Appendix G. 
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observed a teacher using any method other than the one she 
was supposed to be teaching nor that he had observed any 
child using a method other than the one he had been taught 
to use. 
In addition to these visits by an ~partial observer 
the writer visited every teacher at least five times in the 
distribution and picking up of tests. At these times any 
problems or questions that the teachers had were discussed 
in detail. Telephone conversations were also carried on 
with several of the teacher-s. All -the teachers had been 
instructed to feel free to call at any time should questions 
arise. 
In carrying out the experimental study as outlined in 
this chapter many data were gathered. Chapter IV will pre-
sent a detailed analysis of these data. 
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were: 
CHAPTER IV 
ANALYSIS OF DATA 
In this study the major null hypotheses to be tested 
1. There is no significant difference in achievement 
among pupiis who use the one-rule method of esti-
mation~ those who use the two-rule method~ and 
those who started with the one-rule method and then 
changed over to the two-rule method. 
2. There is no significant relationship between 
achievement using any of the three methods of 
estimating the quotient and the factors of intelli-
gence quotient, mental age, readiness test scores, 
readiness test time, and scores on pre-test of 
division with two-figure divisors. 
In analyzing the data the principal statistical tech-
nique employed was the analysis of variance. The signifi-
cance of difference among group means was determined by this 
1 
technique.. Of the analysis of variance Guilford says: 
It frequently happens in psychological and educa-
tional research that we obtain more than 2 sets of 
measurements, each under its o~r.n set of conditions, 
and we want some indication as to whether there are 
significant differences among the sets. We could, of 
course, pair off 2 sets at a time, pairing each one 
with every other one, and test the reliability of the 
difference in each pair. The practical difficulty in 
this approach lies in the number of pairs to be ex-
1 J. P. Guilford, Fundamental Statistics in Psycholo-
gz and Education (New York: McGraw-Hill Book Company, Inc., 
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amined when there are, let us say, 5 or more sets. 
Five sets mean 10 pairs; 6 sets mean 15 pairs; and 
10 sets mean 45 pairs. There is always the possi-
bility that none of the differences would prove sig-
nificant. What we desire in meeting this situation 
is some procedure by which we can say in .advance 
whether or not there are any significant differences. 
If the answer to such a preliminary survey is 'Yes 1 , 
we can then examine pairs to see just where signifi-
cant differences exist: If the answer is tNo', our 
search is over w±thout further ado. 
The methods of R. A. Fisher, known as analysis of 
variance, are well designed to meet this kind of prob-
lem as wel-l as other problems. The real problem here 
is to determine whether sets of data obtained under 
varying conditions are sufficiently homogeneous to be 
regarded as belonging to the same population. \v.heth-
er or not we combine distributions ~to larger com-
posite distributions sometimes hinges on the answer 
to this question. Fisher's test of significance in 
connection with his analysis of variance is designed 
precisely to tell us whether sets of data are suffi-
ciently different from one another for us to reject 
the hypothesis that they arose by random sampling 
from the same population.l 
The three groups wh~ch took part in the study were 
equated on the basis of intelligence quotients, mental ages, 
readiness test scores, readiness test time_, and A1 scores. 
When using the analysis of variance technique, sums 
of squares were found on the basis of the following formu-
lae. 
Total SS = 1._~2- - (~£X) 2 
N 
Within SS =fix2 .,.. (( x) 2 
f.:. n 
Between SS = ~ (~~) 2 _ 
1 Ibl. d, 236 p. • 
6 
The ubetween11 and nwi thin't Mean Squares were :found 
by dividing the value of' the nsum of' Squares" by the cor-
responding degrees of' :freedom. The value :for F was :found 
:from the ratio of' the nbetween" and 11within11 Mean Squares. 
Initial Equating of' Groups. 
Table II shows the distribution of' intelligence quo-
tients :for Groups I~ II, and III. 
I.Q. 
145-149 
140-144 
135-139 
130-134 
125-129 
120-124 
115-119 
110-114 
105-109 
100-104 
95-99 
90-94 
85-89 
8o-84 
.75-79 
70-74 
N 
Mean-~-
S.D.?~ 
TABLE II 
DISTRIBUTION OF INTELLIGENCE QUOTIENTS 
FOR GROUPS l, II, AND III 
Frequencies 
Group I Group II Grou12 III 
1 
1 1 
1 6 1 
2 3 6 
16 10 15 
18 19 16 
26 20 27 
27 26 28 
18 18 32 
26 23 14 
11 12 7 
6 5 5 
2 4 6 1 1 1 
0 
1 
1.37 I1:j:7 E9 
111.29 111.55 112.04 
11.49 11.85 11.35 
1~Computed :from ungrouped data 
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From Table II we see that Group I had a mean of 111.29 
with a standard deviation of 11.49~ Group II a mean of 
111.55 and a standard·deviation of 11.85; whereas~ Group III 
showed a mean of 112.04 and a standard deviation of 11.35. 
The F-test was used to determine whether or not there 
was any statistically significant difference among the 
group means in regard to intelligence. The results of the 
F-test are shown in Table III. 
TABLE III 
VARIANCE TABLE FOR TESTING THE NULL HYPOTHESIS 
APPLIED TO GENERAL INTELLIGENCE AS AN EQUATING FACTOR 
Sum of Squares d.f. Mean Square F 
Between 46.69 2 23.35 0.17 
Within 61_1. 70_7_.16 J±60 134.15 
Total 61,753.85 462 
The table of F was entered with 2 and 460 degrees of 
freedom and the critical value of F at the 5 per cent level 
of significance was found to be 3.01 {interpolated). Since 
the computed value ofF is 0.17~ F is not significant and 
there is no reason to reject the null hypothesis that there 
is no statistically significant difference with regard to 
group means on the basis of general intelligence test scores. 
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Table IV shows the distribution of mental ages for 
Groups I, II, and III. 
TABLE IV 
DISTRIBUTION OF 11ENTAL AGES 
FOR GROUPS I, II, AND III 
M.A. (in months) Frequencies 
Grou12 I Grou12 II 
170-174 1 
165-169 2 1 
160-164 1 7 
155-159 1 2 
150 ... 154 16 8 
145-149 22 13 
140-.144 20 29 
135-139 32 25 
130-134 15 16 
125-129 20 24 
120-124 18 12 
115-119 7 8 
110-114 1 2 
105-109 1 
N 157 147 
Mea.lli~ 136.61 136.68 
S.D.-~ 11.36 11.54 
~~Computed from ungrouped data 
Grou12 III 
1 
1 
4 6 
17 
13 
31 
32 
19 
21 
5 
3 
4 
2 
159 
138.35 
11.60 
From Table IV we see G~oup I had a mean of 136.61 
with a standard deviation of 11.36, Group II a mean of 
136.68 and a standard deviation of 11.54; whereas, Group III 
showed a mean of 138.35 and a standard deviation of 11.60. 
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The F-test was used to determine whether or not there 
was any statistically significant difference among the group 
means in regard to mental age. The results of the F-test 
are shown in Table V .. 
TABLE V 
VARIANCE TABLE FOR TESTING THE NULL HYPOTHESIS 
APPLIED TO MENTAL AGE AS AN EQUATING FACTOR 
Sum of Squares d.f. Mean Square F 
Bet1-reen 302.50 2 151.25 1.13 
Within 61,337.24 460 133.34 
Total 61~639.74 462 
The table of F was entered with 2 and 460 degrees of 
freedom and the critical value of F at the 5 per cent level 
of significance was found to be 3.01 (interpolated). Since 
the computed value of F is 1.13, F is not significant and 
there is no reason to reject the null hypothesis that there 
is no statistically significant difference with regard to 
group means on the basis of mental age. 
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In Phase 2 o~ the experimental study a readiness test 
~or dividing by a two-figure divisor was given to the three 
groups. 
Table VI~ shows the distribution o~ readiness test 
scores for Groups I, II, and III. 
TABLE VI 
DISTRIBUTION OF READINESS TEST SCORES 
FOR.GROUPS I, II, AND III 
Raw Scores (Examples rt.) Frequencies 
Grou::e, I GrouE II GroU]2 III 
27-28 27 19 27 
25-26 37 26 37 
23-24 22 26 27 
21-22 15 10 17 
19-20 6 17 15 
17-16 12 14 1~ 15-16 13 10 
13-14 10 4 5 
11-12 8 9 2 
9-10 1 5 2 
7-8 6 5 3 
5-6 2 1 
3-4 1 
N 157 Tij:( 139 
Meaw:- 21.26 20.39 21.85 
S.D.~~ 5.69 5.84 5.17 
*Computed from ungrouped data 
From Table VI we see that Group I had a mean of 21.26 
1-1ith a standard deviation of 5.69, Gl"'oup II a mean of 20.39 
and a standard deviation of 5.84; whereas, Group III showed 
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a mean of 21.85 and a standard deviation of 5~17. 
The F-test was used to determine whether or not there 
was any statistically significant difference among the 
group means in regard to readiness test scores. The results 
of the F-test are shown in Table VII·. 
TABLE VII 
VARIANCE TABLE FOR TESTING THE NULL HYPOTHESIS 
APPLIED TO READil{mSS TEST SCORES AS AN EQUATING FACTOR 
Sum of Sguares d.f. Mean Square F 
Between 162.86 2 81.43 2.62 
Within 14,317.79 460 31.13 
Total 14,480.65 1~62 
The table of F was entered with 2 and 460 degrees of 
freedom and the critical value of F at the 5 per cent level 
of' significance was f'ound to be 3.01 (interpolated). Since 
the computed value of' F is 2~62, F is not significant and 
there is no reason to reject the null hypothesis that there 
is no statistically significant dif'f'erence with regard to 
group means on the basis of' readiness test scores. 
Table VIII shows the distribution of time on the 
readiness test of' Groups I) II, and III. 
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Tli.me 
95-99 
90-94 
85-89 
80-84 
75-79 
70-74 
65-69 
60-64 
55-59 
5o-54 
45-49 
40-44 
35-39 
30-34 
25-29 
20-24 
15-19 
10-14 
5-9 
N 
Mea~~ 
S.D.~~ 
TABLE VIII 
DISTRIBUTION OF TIME ON READINESS TEST 
FOR GROUPS I, II, AND,III 
(in min.) Frequencies 
Group I Grou12 II Grou12 III 
1 
0 
1 0 1 
0 0 0 
0 0 0 
0 0 0 
1 0 1 
1 1 0 
2 0 2 
1 0 0 
7 6 0 
8 2 2 
13 5 8 
5 14 10 
15 22 18 
29 26 35 
37 36 39 
30' 31 37 
7 3 6 
E7 l"l+r ]39 
23.47 22.69 21.11 
12.47 11.47 10.65 
~~Computed i'rom ungrouped data 
From Table VIII we see that Group I had a mean of' 
23.47 with a standard deviation of' 12.L~7, Group II a mean 
of 22.69 and a standard deviation of 11.~-7; whereas, Group 
III showed a mean of 21.11 and a standard deviation of 
10.65. 
7:2 
The F-test was used to determine whether or not there 
was any statistically significant difference among the 
group means in r,egard to readiness test time. The results 
of the F-test are shown in Table IX. 
TJI...BLE IX 
VARIANCE TABLE FOR TESTDTG THE NULL HYPOTHESIS 
APPLIED TO TIME ON READINESS TEST AS AN EQUATING FACTOR 
Sum of Squares d.f. Mean S~guare F 
Between 455.52 2 227.76 1.70 
Within 61,741.69 460 13~4~.22 
.. · 
Total 62., J-97,/2].. 462 
-
The table of F was entered with 2 and 460 degrees of 
freedom and the critical value of F at the 5 per cent level 
of significance was found to be 3.01. Since the computed 
value ofF is 1.70, F is not significant and there is no 
reason to reject the null hypothesis that there is no sta-
tistically significant difference with regard to group 
means on the basis of readiness test time. 
Table X shows the distribution of scores on Test II, 
Form A1 (pre-test on division with two-figure divisors) of 
Groups I, II, and III. 
3 
==~==========================================~';=·.z=4b==== 
Raw Scores 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 
N 
S.D.~~ 
TABLE X 
DISTRIBUTION OF SCORES ON FORM A1 
.FOR GROUPS I, II, AND III 
Frequencies 
Group I Group II 
1' 1 
1 3 
tt 3 5 
7 2 
5 3 
1 3 
3 3 
1 tt 2 1 1 
1 4 5 2 
1 tt 8 
7 1 5 9 
5 15 
7 11 
26 8 
62 57 
J37 m-
4.38 4· 76 
5.94 5.92 
~;.Computed f'rom ungrouped data 
Group III 
1 
1 
4 2 
tt 2 
6 
3 
6 
1 
5 
4 5 
5 
6 
9 
10 
13 
18 
5o 
139 
4.74 
5-47 
From Table X we see that Group I had a mean of' 4.38 
with a standard deviation of' 5.94, Group II a mean of' 4.76 
and a standard deviation of' 5.92; whereas, Group III showed 
a mean of' 4.74 with a standard deviation of' 5.47. 
The F-test was used to determine whether .or not there 
was any statistically significant difference among the group 
means in regard to scores on Form A1 • The results of the 
F-test are shown in Table XI. 
TABLE XI 
VARIANCE TABLE FOR TESTING THE NULL HYPOTHESIS 
APPLIED TO SCORES ON FORM A1 AS AN EQUATING FACTpR . . 
Sum of Squares d.f. Mean Square F 
Between 69.84 2 34.92 l •. oh. 
Within 15;421:.78 460 33.53 
Total 15.491.62 462 
The table of F was entered with 2 and 460 degrees of 
freedom and the critical value of F at the 5 per cent level 
of significance was found to be 3.01 (interpolated). Since 
the computed value of F is 1.04, F is not significant and 
there is no reason to reject the null hypothesis that there 
is no statistically significant difference with regard to 
group means on the basis of scores on Form A1. 
Table XII shows a summary of the means and standard 
deviations of the equating factors of Groups I, II, and III. 
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TABLE XII 
SDNMARY TABLE FOR CO:HPDTED :MEANS AND STANDARD 
DEVIATIONS FOR EQUATING FACTORS 
Equating 
Factor Mea.llii- Standard Deviatiow~ 
I II III I II III 
I.Q. r 111.29 111.55 112.04 11.49 11.85 11.35 
M.A. (mos.) 136.61 136.68 138.35 11.36 11.51± 11.60 
R.T.Scores 21 .. 26 20.39 21.85 5.69 5.84 5.17 
' 
R.T.Time 23._47 22.69 21.11 12._lt7_ 11.47 10.65 
A] Scores 4.38 4.72 4. 74 5.94 5.92 5._47 
-
TCo~uted from ungrouped data 
Table XIII shows a summary of the variance tables for 
testing the significance of the equating factors. 
TABLE XIII 
SJI.D;IJYfA,RY.::.OF VARIANCE TABLES FOR TESTING THE NULL 
HYPOTHESIS APPLIED TO EQUATING FACTORS 
Equating Factor F 
General Intelligence _Q.l7 
Mental Age 1.13 
Readiness Test Score 2.62 
Readiness Test Time 1.70 
Form Al Score 1.04 
6 
The table of F was entered with 2 and 460 degrees of 
freedom and the critical value of ~ at the 5 per cent level 
of significance was found to be 3.01 (interpolated). Table 
XIII shows that none of the differences· among the equating 
factors was statistically significant. Therefore, it is 
possible to accept the null hypothesis that there were no 
differences among the means_for the equating factors other 
than could be attributed to chance fluctuations. 
Performance on Test II, Form B. 
At the conclusion of Phase 4 in the experimental 
study Test II, Form B, was administered to the three groups. 
From Table XIV we see that Group I had a mean of 
16.03 with a standard deviation of 3.41, Group II a mean of 
14.60 and a standard deviation of 4.20; whereas, Group III 
showed a mean of 16.38 with a standard deviation of 2.75. 
The F-test was used to determine whether or not there 
was any statistically significant difference runong the group 
means in regard to the scores on Form B. The results of 
the F-test are shmm in Table XV. 
TABLE XIV 
DISTRIBUTION 0]1 SCORES ON TEST II_, FOID1 B_, 
.OF GROUPS I, II, AND.III 
Raw Scores (Ex. rt •. ) Frequencies 
Group I Grou:e II Grou:e III 
20 11 10 4 
19 29 15 27 
18 27 14 35 
17 26 12 29 
16 12 22 20 
15 12 15 15 
14 9 16 10 
13 7 11 6 
12 8 5 3 
11 3 8 4 
10 2 3 2 
9 3 1 1 
8 1 4 2 
7 4 1 0 
6 2 1 0 
5 1 1 0 
4 2 0 
3 5 0 
2 0 0 
1 1 0 
0 1 
N E7 ~ 159 
}iea~~ 16.03 14.60 16.38 . 
Standard Deviation~ 3.4J- 4.20 2. 75 
-:~:Computed from ungrouped data 
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TABLE XV 
VARIANCE TABLE FOR TESTING THE SIGNIFICANCE OF THE 
DIFFERENCE. AMONG :MEANS OF. THE SCORES OF GROUPS. 
I, II, AND III ON TEST II, FORM B 
Sum of Squares d.f. Mean Square F 
Between 268.54 2 134.27 10.96 
\~ithin 5~633.52 460 12.25 
Total 5.902.06 462 
The table of F was entered with 2 and 460 degrees of 
freedom and the critical value of F at the 5 per cent level 
of significance was found to be 3.01 (interpolated). Since 
the computed value of F is 10.96, F is highly significant 
and there is reason to reject the null hypothesis that there 
is no statistically significant difference with regard to 
the means of the scores on Form B of Groups I, II, and III. 
t-tests1 were used to determine where the statistical-
ly significant differences lie among the means on Form B. 
The results of these tests are shown in Table XVI. 
where 
DN = difference between means (larger - smaller) 
SE = standard error of the difference between 
DM means 
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TABLE XVI 
t-TESTS TO DETERMINE THE SIGNIFICANCE OF THE 
DIFFERENCES BETWEEN PAIRS OF GROUP 
MEANS OF TEST II, FORM B 
MEANS M 
Groups Larger-Smaller Diff~ 
I 
-
II 16.03 - 14.60 1.43 
III 
-
I 16.38 
-
16.03 0.35 
III 
-
II 16.38 - 1~.60 l.:z8 
~~ Not significant at 5% 
-lP,(- Significant at 5% but not at 1% 
~H~* Significant at 1% level or beyond 
~E 
Diff. 
0 .__W±_ 
0 ... 41. 
0.35 
~0 
t 
3 2je' "'' • ""IMl.""ir' 
0. 85-:~ 
5 09""" • i\*4-il\" 
The critical values o~ t at the 5 per cent and 1 per 
cent levels o~ signi~icance were ~o~Uld to be 1.96 and 2.59. 
Since the computed value o~ t ~or the di~~erence between 
means o~ Groups I and II is 3.24 and ~or Groups II and III 
is 5.09, t is signi~icant and there is cause to reject the 
null hypothesis that there is no statistically signi~icant 
di~~erence with regard to the means o~ Groups I and II or 
the null hypothesis that there is no statistically signi~i­
cant di~~erence with regard to the means o~ Groups II and 
III. However, the computed value o~ t ~or Groups I and III 
is 0.85; thus t is not sig~i~icant and there is no cause to 
reject the null hypothesis that there is no statistically 
signi~icant di~~erence with regard to the means o~ Groups 
I and III. 
Gains ~rom Test II, Form A, to Test II, Form B. 
Next an analysis was made o~ the gains o~ each group 
~rom Form A1 to Form B o~ Test II (division with two-~igure 
divisors). Table XVII shows a distribution o~ the gains 
~rom Form A1 to Form B o~ Groups I, II, and III. 
From Table XVII we see that Group I had a mean o~ 
11.66 with a standard deviation o~ 6.01, Group II a mean o~ 
9.86 and a standard deviation o~ 5.64; whereas, Group III 
showed a mean o~ 11.68 with a standard deviation o~ 5.34. 
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TABLE XVII 
DISTRIBUTION OF GAINS FROM TEST II, FORM A1 TO TEST II, FORM B, OF GROUPS I, II, AND III 
Gain Frequencies 
Group I Group II Group III 
20 7 1 
19 10 3 2 
18 15 7 13 
17 15 6 15 
16 6 8 15 
15 6 9 17 
14 11 15 12 
13 8 8 12 
12 15 12 8 
11 6 10 12 
10 7 8 5 
9 ~ 10 2 8 7 8 
7 8 4 ~ 6 3 0 
5 4 3 ~ 4 8 5 
3 3 12 7 
2 3 6 4 
1 6 7 2 
0 2 3 1 
-1 2 2 1 
-2 3 0 2 
-3 1 1 
-4 0 
-5 1 
N E7 Tij:7 E9 
He8.W(- 11.66 9.86 11.68 
S.D.~i- 6.01 5. 64 5.34 
~(-Computed i'rom ungrouped data 
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For each group a t-test was used to determine whether 
or not the gain from A1 to B was statistically significant~ 1 
The results of these tests are shown in Table XVIII. 
TABLE XVIII 
t-TESTS TO DETER1llNE THE SIGNIFICANCE OF GAINS 
FROM TEST II, FORM A1 , TO FOR!~ B 
Mean 
Group of SEM t 
Gains 
I 11.66 0.48 24 29'""' • ('1\"i~
II 9.86 0.47 20 97->WW'.. • ~~" 1\ 
III 11.68 0. bl:3 27 26""" ... ~,\i\1\ 
~~ Not significant at 5% 
-~Hi- Significant at 5% but not at 1% 
-:HHi- Significant at 1% or beyond 
Since the critical values of t at the 5 per cent and 
1 per cent levels of significance were found to be 1.96 and 
2.59 and the computed values of t for Groups I, II, and III 
are 24.29, 20.97, and 27.26, t is highly significant in all 
three ~roups and there is cause to reject the null hypothe-
sis that there is no statistically s.ignificant difference 
WHERE 
M = Mean of the gains 
s~.1 = Standard error of the mean of the gains 
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with regard to the gains from A1 to B for each of the groups 
Although each group made a statistically significant 
gain from A1 to B, it was necessary to direct attention to 
the question of whether or not there was a statistically 
significant difference among the mean gains made by the 
three groups. The results of an F-test to determine if 
there is any statistically significant difference among the 
means of the gains from Form A1 to Form B are shown below 
in Table XIX. 
TABLE XIX 
VARIANCE TABLE FOR TESTING THE NULL HYPOTHESIS RELATING TO 
THE DIFFERENCE ~~ONG MEANS OF GAINS FROM TEST IIi FORM Al, 
TO TEST II, FOID1 B, OF .GROUPS I, II, AND III 
Sum of Squares d.f. Mean Square F 
Between 326.47 2 163.24 5.06 
Within 14-,_ 829.35 460 32.24 
Total 15~155.82 462 
The table of F was entered with 2 and 460 degrees of 
freedom and the critical value of F at the 5 per cent level 
of significance was found to be 3.01 (interpolated). Since 
the computed value of F is 5.06, F is significant and there 
is cause to reject the null hypothesis that there is no 
statistically significant difference with regard to the 
means of the gains from Form A1 to Form B of Groups I, II, 
and III. 
Since the F-test was significant, t-tests were used 
to determine where the statistically significant differences 
lie among the means in the difference in the number right 
from Form A1 to Form B. The results of these t-tests are 
shown in Table XX. 
TABLE XX 
t-TESTS TO DETERMINE SIGNIFICANT DIFFEREI~CES BETWEEN 
PAIRS OF I1&ANS IN TEE DIFFERENCE IN NUMBER RIGHT 
FROivi TEST II, FORI1 Al, TO TEST II, FORM B, OF 
-GROUPS I, II, AND.III 
MEANS M 
Grou_2s Larger-Smaller · :biff. 
I 
-
II 11.66 
- 9.86 1.80 
III 
-
I 11.68 
-
11.66 . 0.02 
III 
-
II 11.68 - 9.86 1.82 
~~ Not significant at 5% 
-:H~ Significant at 5%. but not at 1% 
~.H.~~ Significant .at 1% or beyond 
SE 
Diff. t 
0.67 2 69""" • ·n-;,\-lt" 
.. 
0.64 0. 03~~. 
0.63 2. 89~~~~~ 
The critical values of t at the 5 per cent and l per 
cent levels of significance were found to be 1.96 and 2.59. 
Since the computed value of t for the difference between 
means of Groups I and II is 2.69 and for Groups I and III 
is 2.89, t is significant and there is cause to reject the 
null hypothesis that there is no statistically significant 
difference with regard to the means of Groups I and II or 
the null hypothesis that there is no statistically signifi-
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cant difference with regard to the means of Groups II and 
III. However, the computed value of t for Groups I and III 
is 0.03; thus,·t is not significant and there is no cause 
to reject the null hypothesis that there is· no statistical-
ly significant difference with regard to the means· of 
Groups I and III. 
Performance on Test II, Form A2. 
At the end of Phase 5 of. the experimental study Test 
II, Form A2, was administered to the three groups. Table 
XXI shows the distribution of scores of Form A2 of Groups 
I, II, and III. 
From Table XXI we see that Group I had a mean of 16.13 
with a standard deviation of 3.47, Group II a mean of 14.56 
and a standard deviation of 4.27; whereas, Group III showed 
a mean of 16.52 with a standard deviation of 3.20. 
The F-test was used to determine whether or not there 
was any statistically significant difference among the 
means of the scores on Form A2 • The results of the F-test 
are shown in Table 2L~II. 
The table of F was entered with 2 and 460 degrees of 
freedom and the critical value of F at the 5 per cent level 
of significance was found to be 3.01 (interpolated)~ Since 
the computed value of F is 11.95, F is significant and 
there is reason to reject the null hypothesis that there is 
no statistically significant difference with regard to the 
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TABLE XXI 
DISTRIBUTION OF SCORES ON TEST II, FORM A2, 
.OF GROUPS I, II, AND III 
Raw Scores (Ex. rt.) Frequencies 
Group I Grou£ II Grou1:2 III 
20 18 5 17 
19 27 13 28 
18 22 24 25 
17 22 22 24 
16 18 15 25 
15 12 13 12 
14 6 11 10 
13 10 8 5 
12 7 6 4 
11 3 6 2 
10 5 3 2 
9 0 4 1 
8 3 0 1 
7 0 7 0 
6 1 2 0 
5 1 2 0 
4 0 2 0 
3 1 3 0 
2 1 1 2 
1 0 
0 1 
N ~ m- 159 
Meaw:- 16.13 14.56 16.52 
s.D.~i- 3.47 4-27 3.20 
1:-Computed :from ungrouped data 
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means of' scores on Form A2 of' the three groups. 
TABLE XXII 
VARIANCE TABLE FOR TESTING THE NULL HYPOTnESIS RELATING 
TO THE DIFFERENCE AMONG MEANS OF SCORES OF 
GROey.S I, II, AND III·ON TEST II, FORM A2 
Sum of' Squ.ares d •. f'. Jviean Square F 
Bet11-reen 324.lL5 2 162.23 11.95 
Within 6,2l.L7.42 460 13.58 
Total 6;571.87 462 
The results of' t-tests to determine where the statis-
tically significant differences lie among the means on Form. 
A2 of Groups I, II, and III are shown in Table XXIII. 
TABLE xXIII 
t-TESTS. TO DETERMINE THE SIGNIFICANCE OF THE 
DIFFERENCES BET~mEN PAIRS OF GROUP 
MEANS OF TEST II, FORM A2 
MEANS M 
Groups Larger-Smaller Dif'f'. 
. I - II 16.13 - 14.56 1.57. 
III - I 16.52 - 16.13 0.39 
III - II 16.52 - 14.56 1.96 
,,,, 
iM\ 
Not significant at 5% 
Significant at 5% but not at 1% 
Significant at 1% or beyond 
SE 
Diff'. 
0.45 
0.39 
0.45 
t 
3.49-3HH(-
1. oo-:~ 
The critical values of t at the 5 per cent and 1 per 
cent levels of significance were found to be 1.96 and 2.59. 
Since the computed value of t for the difference between 
means of Groups I and II is 3.4~ and for Groups II and III 
is 4.36, t if significant and there is cause to reject the 
null hypothesis that there is no statistically significant 
difference with regard to the means of Groups I and II or 
the null hypothesis that there is no statistically signifi-
cant difference with regard to the means of Groups II and 
III. However, the computed value of t for Groups I and III 
is 1.00; thus t is not significant and there is no cause to 
reject the null hypothesis that there is no statistically 
significant difference with regard to the means of Groups 
I and III. 
Differences in Performance Test II, Form A
2 
- Test II, 
Form B. Table XXIV shows a distribution of differences in 
the number of right examples of Form A2 - Form B. 
From Table XXIV we see that Group I had a mean of 
0.10 with a standard deviation of 2.50, Group II a mean of 
-0.04 and a standard deviation of 3.18; whereas, Group III 
showed a mean of 0.14 with a standard deviation of 2.99. 
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TABLE XXIV 
DISTRIBUTION OF DIFFERENCES FOR GROUPS I, II, III OF 
RIGHT EXAMPLES: TEST II, FORM A2 - FORH B 
Number of examples Frequencies 
Group I Group II Group III 
12-13 l 
lO-ll l l 0 
8-9 l 2 0 
6---7 2 l 4 
'4.;;5 6 ll lO 
2--3 35 29 31 
o--1 46 45 50 (-.2)"'"(-l) 42 32 41 
C-4)- C-3) 19 15 17 (--6).:.(-5) 2 ~ l (-8)-(-7) 3 3 
(~lo)-(-9) 2 0 
(-12)-(-ll) 0 
(-14)-(-13) 0 
(-16)-(-15) l 
N l57 11+7 159 
JYiea~~ · 0.10 -0.04 0.14 
S .. D.-;i- 2~50 3,18 2.99 
~~Computed from urigrouped data 
For each group a t-test was used .to determine whether 
or not the differences in the number· of right examples 
Test II, Form A2 - Form B was statistically significant. 
The results of these tests are shown in Table XXV .. 
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TABLE x::JJl 
t-TESTS TO DETERMI}TE THE SIGNIFICANCE OF DIFFERENCE 
IN NPMJ3ER OF RIGHT EXAI-iPLES: TEST II, FORM 
A2 - FORM B 
Mean of SE 
Group Difference M 
I 0.10 0.20 
II 0.04 0.26 
III 0.14 0.24 
~~ Not significant at 5% 
~H~ Significant at 5% but not at 1% 
~~H~ Significant at 1% or beyond 
t 
0 • .50* 
0 .15~~ 
0.58-~ 
The critical values of tat the'5 per cent and 1 per 
cent levels of significance were found to be 1.96 and 2.59. 
Since the computed values of t for Groups I, II, and III 
are o.5o, 0.15, and 0.58, t is not significant and there is 
no cause to reject the n~ll hypothesis that there is no 
statistically significant difference in the means of the 
difference of the number right on Test II, Form A2 - Form B. 
The F-test was used to determine whether or not there 
was any statistically significant difference among the 
means of differences in the number of right examples from 
Form B to Form A2 among the three groups. The results of 
the F-test are shoWl~ in Table XXVI. 
91 
TABLE XXVI 
VARIANCE TABLE FOR TESTING THE NULL HYPOTHESIS RELATING 
TO THE DIFFERENCE. IN NUMBER OF RIGHT EXA1Jf_FLES: 
TEST IIj FORM A2 - FORl~ B 
Sum of' Squares d,.f'. Mean S~gua~e F 
Between 2.54 2 1~27 0~15 
Within 4,008.64 460 8.71 
Total 4,011.18 462 
The table of' F was entered with 2 and 460 degrees of' 
freedom and the critical value of' F at the 5 per cent level 
of significance was found to be 3.01 (interpolated)~ Since 
the computed value of' F is 0.15, F is not significant and 
there is no cause to reject the null hypothesis that there 
is no statistically significant difference with regard to 
the means of' the differences in the number of right examples 
from Form B no Form A2 among the three groups. 
Time Perf'opmaqce on T~st II, Form B. 
During the experimental study a careful record was 
kept of the amount of time required for pupils to complete 
Form B regardless of the number of' examples done correctly, 
Table XXVII shows a distribution of time on Form B of 
Groups I, II, and III. 
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TABLE XXVII 
DISTRIBUTION OF TIME ON TEST II, FOIDI B, 
OF GROUPS I, II, AND III 
Time (in minutes) Frequencies 
Grou.E I Grou:e II Grou:e III 
120-124 1 
115-119 0 
110-114 0 
105-109 0 
100-104 0 
95-99 0 
90-94 0 
85-89 1 0 
8o--84 0 0 1 
75-79 0 0 0 
70-74 1 0 0 
65-69 0 0 0 
60·-64 1 0 0 
55-59 2 6 2 
50-54 2 6 3 
45-49 4 3 5 
40-44 8 14 6 
35•39 14 19 9 
30;M,34 25 22 14 
25--29 34 29 39 
20-24 ~ 30 45 15 ... 19 11 26 
10-14 3 6 9 
N 157 Tij:7 E9 
Meawr- 28.10 30.87 26.26 
S.D.~~ 10.69 12.79 9.78 
{f-Computed from ungrouped data 
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From Table XXVII we see that Group I had a mean of 
28.10 with a standard deviation of 10.69, Group II a mean 
of 30.87 and a standard deviation of 12.79; whereas, Group 
III showed a mean of 26.26 .with a standard deviation of 
9.78. 
Table XXVIII shm-fs the results of an F-test to deter-
mine whether or not there is any statistically significant 
difference among the means of the time on Test II, Form B, 
of Groups I, II,· and III. 
TABLE XXVIII 
VARIANCE TABLE FOR TESTING THE NOLL HYPOTHESIS RELATING 
TO THE DIFFERENCE Al~ONG MEANS IN TIME ON TEST II, 
FOIDf B, OF GROUPS I, II, AJ.'iTD III 
Sum of Squares d.f. 1'1ean Square F 
Between 1,639.68 2 819.84 6.60 
Within 57,183.34 460 124.31 
Total 58,823.02 462 
The table of F was entered with 2 and 460 degrees of 
freedom and the critical value of F at the 5 per cent level 
o:f significance was found to be 3.01 (interpolated). Since 
the computed value of F is 6.60, F is significant and there 
is cause to reject the null hypothesis that there is no 
statistically significant difference with regard to the 
means of the time on Form B among the three groups. 
The r~sults of t-tests to determine where the statis-
tically significant differences lie among the means of time 
on Form B of Groups I, II~ and III are shown in Table XXIX. 
TABLE XXIX 
t-TESTS TO DETERMINE THE SIGNIFICANCE OF THE 
DIFFERENCES BE~~~ PAIRS OF GROUP MEANS 
ON TEST II, FORM B, TIME OF GROUPS I, 
II, AND III 
Means M SE 
Grou::QS Larger-Smaller Diff. Diff. 
II 
-
I 30.87 - 28.10 2.77 
I - III 28.10 - 26.26 1.84 
II 
-
III 30.87 - 26.26 "4.61 
~l- Not significant at 5% 
~Hl- Significant at 5% but not at 1% 
->FJ-~- Significant at 1% or beyond 
1.36 
1.10 
1.30 
t 
2 OW'" . ~~~~ 
1.67~l-
3 55""" .. -;,nil" 
The critical values of t at the 5 per cent and 1 per 
cent levels of significance were found to be 1.96 and 2.59. 
Since the computed value of t for the difference between 
means of Group I and Group II is 2.04 and for Group II and 
Group III is 3.55, t is significant and there is cause to 
reject the null hypothesis that there is no statistically 
significant difference with regard to the means of Groups 
I and II or the null hypothesis that there is no statisti-
cally significant difference with regard to the means of 
Groups II and III. However, the computed value of t for 
Groups I and III is 1.67; thus t is not significant and 
- - . 
there is no cause to reject the null hypothesis that there 
is no statistically signi~icant di~~erence with regard to 
the means o~ Groups I and III. 
TLme Per~ormance on Form A2 • 
As part o~ the experimental study a care~ul record 
was kept o~ the amount o~ time required ~or pupils to com-
plete Form A2 regardless o~ the number o~ examples done 
correctly. Table XXX shows a distribution o~ time on Form 
A2 o~ Groups I, II, and III. 
TABLE XXX 
DISTRIBUTION OF TIME ON TEST II, FORM A2 , OF.GROUPS I, II, AND.III 
Time (in minutes) Frequencies 
Grou:2 I GrOUJ2 II Grou:2 III 
75-79 1 
70-74 1 0 
65-69 1 2 1 
60-64 2 2 2 
55-59 3 2 2 
5o-54 3 3 ~ 45-49 10 7 
40-44 8 12 9 35-39 18 18 14 
30-34 27 21 25 
25-29 33 20 29 
20-24 34 38 46 
15-19 15 12 15 
10-14 2 9 3 
5-9 1 
N 13"7 JJ+'r 159"" 
Meaw~ 30.38 29.97 29.30 
S.D.~~ 10.84 12.00 10.65 
~~Computed ~rom ungrouped data 
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From Table XXX we see that Group I had a mean of 
30.38 with a standard deviation of 10.84, Group II a mean 
of 29.97 and a standard deviation of 12.00; ~·rhereas, Group 
III showed a mean of 29.30 with a standard deviation of 
10.65. 
The results of an F-test to determine whether or not 
there is any statistically significant difference among the 
means of time on Test II, Form A2 , of the three groups are 
shovm in Table XXXI. 
TABLE XXXI 
VARIANCE TABLE FOR TESTING THE NULL HYPOTHESIS RELATING 
TO THE. DIFFERENCE AMONG MEANS_ IN TIME ON TEST II, 
FOID-f.A2, OF GROUPS I, II,. AND III. 
Sum of Squares d.f. Mean Square F 
Between 92.37 2 46.19 0.36 
vlithin ~ '5f3;559. 71± J±60 l27.30 
Total 58,652.11 462 
The table of F was entered with 2 and 460 degrees of 
freedom and the critical value of F was found to be 3.01~ 
Since the computed value of F is 0.36, F is not significant 
and there is no cause to reject the null hypothesis that 
there is no statistically significant difference with re-
g:ar:d/' to the means of time on Form A2 of the three groups. 
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Difference in Time Performance: Form A? - Form B. 
An analysis was made of the difference in the amount 
of time required for pupils to do Form A2 as compared with 
Form B, regardless of the-number of examples done correctly. 
Taple XXXII shows a distribution of differences in 
time of Form A2 - Form B of Groups I, II, and III. 
From Table XXXII we see that Group I had a mean of 
.. 
2.26 with a standard deviation of 10.08, Group II a.mean of 
-0.90 and a standard· deviation of 9.13; whereas, Group III 
showed a mean of 3.04 and a standard deviation of 9.78. 
For each group a t-test was used to determine whether 
or not the differences in time Form A2 - Form B were statis-
tically significant. The critical values of t at the 5 per 
cent levels of significance were found to be 1.96 and 2.59. 
Since the computed value of t for Group I is 2.81 and for 
Group III is 3.90, t is significant and there is cause to 
reject the null hypothesis that there is no statistically 
significant difference with regard to the means of the 
differences in time Form A2 - Form B for Groups I and III. 
However, the computed value of t for Group II is 1.18; thus 
t is not significant and there is no cause to reject the 
null hypothesis that there is no statistically significant 
difference with regard to the means of the differences in 
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TABLE XXXII 
. -
DISTRIBUTION OF DIFFERENCES IN TIME OF GROUPS I_, II 
AND III: TEST II_, FORM A2 ~ TEST II, FORM B 
Time (in minutes) Frequencies 
Grou:e I Grou:e II Grou:e III 
45-49 1 40-44 1 
35-39 0 
30-34 1 1 
25-29 6 1 3 
20-24 4 2 3 
15-19 6 1 7 
10-14 11 10 13 
5-9 25 25 23 
0-t 56 27 53 (-5)- -1) 28 53 35 
(~10)-(-6) 12 12 12 (-15}.,..(-11) 5 8 6 (-20)-(--16) 2 4 0 ( --25) ... ( ..o21) 1 1 0 (-30)-(--26) 0 1 1 
(--35)-(-=-31) 0 0 (-40)-(--36) 0 0 ( -45) .... ( --41) 0 1 (-50)-( ... 46) 0 (-55) ... (--51) 0 (-60)-(-56) 1 
N "1.5"7 IJ:j:7 E9 
1-1ea.n3~ 2.26 -.90 3. OL~ 
S.D.~~ 10.08 9.13 9. 78 
-l~Computed from ungrouped data 
time Form A2 - Form B for Group II. 
TABLE XXXIII 
VARIANCE TABLE FOR TESTING THE NULL HYPOTHESIS RELATING 
TO THE DIFFERENCE AMONG MEANS IN TIME ON TEST II, 
FORM A2 - TEST II, FORM B OF GROUPS I, II, AND III 
Sum of' Squares d.f'. Mean Square F 
Between 1,311.93 2 655.97 6.95 
Within 43,422.53 460 94.. 4.0 
Total 44,734.46 4.62 
The F-test was used to determine whether or not there 
was any statistically significant difference among the 
means of' the difference in time on Form A2 - Form B of' 
Groups I, II, and III. The results are shown above in 
Table XXXIII. 
The table of' F was entered with 2 and 460 degrees of' 
freedom and the critical value of' F at the 5 per cent level 
of' significance was found to be 3.01 (interpolated). Since 
the computed value of' F is 6.9), F is significant and there 
is cause to reject the null hypothesis that there is no 
statistically significant dif'i'erence with regard to the 
means of the difference in the time Form A2 - Form B of' the 
three groups. 
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The results of t-tests to determine where the statis-
tical1y significant differences lie among the means of the 
differences in time, Form A2 - Form B are shown in Table 
XXXIV. 
TABLE XXXIV 
t-TESTS TO DETElli~INE THE SIGNIFICANCE OF THE DIFFERENCES 
BET1'VEEN PAIRS OF. GROUP MEANS OF DIFFERENCES DT 
TIME: TEST II, FOID~ A2 - TEST II, FORM B 
Neans I1 
Groups Larger-Smaller Diff. 
I 
-
III 
. --
III 
II 2.26 - (-0.90) 3.16 
-
I 3.04- 2.26 0.78 
-
II 3.04 - (-0.90) . 3. 9.1±_ 
Not significant at 5% 
Significant at 5%. but not at 1% 
Significant at 1% or beyond 
SE 
Diff. t 
0.81 3. 90~~~H~ 
0 .• 83 0. 9_~~ .. 
0.82 . .1±. 8l~~H~ 
... 
The critical values of t at the 5 per cent and 1 per 
cent levels of significance were found to be 1.96 and 2.59. 
Since the computed value of t for the difference between 
means of Groups I and II is 3.90 and for Groups II and III 
is 4.81, t is significant and there is cause to reject the 
null hypothesis that there is no statistically significant 
difference with regard to the means of Groups I and II or 
the null hypothesis that there is no statistically signifi-
cant difference with regard to the means of Groups II and 
III. However, the computed value of t for Groups I and III 
Boston University· 
School o:t :Jd.uoe.tien: 
Libra:cy: 
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is 0.94; thus t is not significant and there is no cause 
to reject the null hypothesis that there is no statistical-
ly significant difference with regard to the means of 
Groups I and III. 
Correlation_Analysis. 
A. Zero-order correlations 
It was thought desirable to inve$tigate the degree 
of relationship between the scores on the readiness test 
and equating factors such as intelligence, mental age, 
scores on A1 , and scores on Form B; the relationship between 
the scores on Form Band intelligence,mental age, readi-
ness test scores, readiness test time, and scores on A1; 
the gains from Form A1 to Form B and the equating factors. 
Tables x:x:z:.l, XXXVI, and XX...lCVII give zero-order cor-
relations for Groups I, II, and III. Table XXXV gives 
zero-order correlations between the readiness test scores 
and equating factors. 
In order to reject the null hypothesis that a particu-
lar correlation coefficient was not significantly different 
from zero, the computed value of the coefficient had to 
reach O.l6~for the null hypothesis to be rejected at the 5 
per cent level, or 0.21 to be rejected at the 1 per cent 
level. 
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TABLE XXXV 
ZERO-ORDER CORRELATIONS BETWEEN READINESS TEST SCORES 
AND EQUATING FACTORS FOR GROUPS I, II, AND. III 
-. GROUPS 
Between I II III 
R. T. score and I.Q. o.lo 0.40 0.35 
R. T. score and N.A .. 0.20 0.37 0.~2 
R. T .. score and A1 . score 0.10 0.37 0.36 
R. T. score and B score 0.2.5 o.l.~9 o~.56 
In Table XXXV all groups showed a positive correla-
tion and in Groups II and III, since the computed value of 
the coefficient in all cases was higher than 0.21, the 
null hypothesis was rejected at the l per cent level. How-
ever, in Group I the correlation coefficient between readi-
ness test score and intelligence and readiness test score 
and A1 score being less than 0.16 the null hypothesis had 
to be accepted. Since the correlation coefficient between 
readiness test score and mental age was found to be 0.20, 
the null hypothesis was rejected at the .5 per cent level. 
The correlation coefficient between readiness test score 
and Form B score was found to be 0,2.5; thus the null hy-
pothesis was rejected at the 1 per cent level. 
Table XXXVI shows the zero-order correlations between 
the scores on Form B and equating factors. 
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TABLE XXXVI 
ZERO-ORDER CORRELATIONS BETWEEN SCORES ON TEST II, FORM B 
AND EQ,UATING.FACTORS.FOR GROUPS I, II, AND.III 
.. 
GROUPS 
Between I II III 
-- . 
FoT..lJ1 :)3:.- s:core.:· ana. ]1. T .. score 0.2.5 0.49 o • .56 
·Form B score and r.Q,. 0.31 0.46 0.28 
Form B score and H. A. 0.46 0.39 0 .. 35 
For:rn B score and R.T. time 
-0.17 -0.21 -0.31 
Form B score and A1 score 0.22 0.44 0.28 
In Table XXXVI all the correlations were positive 
and high enough to reject the null hyp-othesis at the 1 per 
cent level and beyond except for the correlations between 
Form B score and readiness test time where the correlations 
we~"'e found to be negative. In Groups II and III the null 
hypothesis was rejected at the 1 per cent level; whereas, 
in Group I it was rejected atthe .5 per cent level. 
Table XXXVII shm·Js the zero-order correlations between 
gains from Test II, Form A1 to Test II, Form B and equating 
:t'actors. 
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TABLE XXXVII 
ZERO-ORDER CORRELATIONS BETWEEN GAINS FROM TEST II, 
FORM A1 TO TEST II, FORM BAND EQUATING FACTORS. 
FOR.GROUPS I, II, AND III 
Between 
Gain from Form A1 to Form B and I. Q.. 
Gain from Form A1 to 
Form B and M.A. 
Gain from Form A1 to 
Form B and R.T. score 
Gain from Form A1 to Form B and R.T. time 
Gain from Form A1 to 
Form B and A1 score 
I 
-0.04 
-0.11 
-0.26 
-0.18 
-0.84 
GROUPS 
II 
0.02 
-0.09 
-0.04 
0.07 
-0.73 
III 
-0.25 
-0.25 
-0.13 
-0.03 
-0.31 
·In Table XXXVII the correlation coefficient between 
the gain from Form A1 to Form B and I.Q.. was negative in 
Groups I and III but positive in Group II. In Groups I 
and II the null hypothesis had to be accepted since neither 
coefficient reached 0.16, but in Group III the null hypothe-
sis had to be rejected at the 1 per cent level. 
The correlation coefficients between the gain from 
Form A1 to Form B and mental age were negative in all three 
groups~ However, in Groups I and II there 1-vas no ='-cause to 
reject the null hypothesis since nei-ther coefficient reached 
0.16, but in Group III the null hypothesis had to be re-
jected at the 1 per cent level since the coefficient was 
found to be -0.25. 
The correlation coefficients betv-reen the gain of Form 
A1 to Form.:·B and readiness test score were negative in all 
three groups. The null hypothesis was acc·epted in Groups 
II and III but was rejected at the 1 per cent level in 
Group I. 
The correlation coefficients between the gain of Form 
/ 
A1 to B and readiness test time were negative in Groups I 
and III but positive in Group II. The null hypothesis was 
accepted in Groups II and III but rejected at the 5 per 
cent level in Group I. 
The correlation coefficient·s between the gain of Form 
A1 to Form B and the score on A1 were all negative. All 
three groups were sufficiently high enough to reject the 
null hypothesis at the 1 per cent level and beyond. In 
Groups I and II the correlation was quite high although 
negative. 
The next step in the correlation analysis involved 
finding the partial correlation coefficient between scores 
on Test II, Form B, and each equating factor (intelligence, 
mental age, readiness test scores, readiness test time, and 
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A1 scores) when the other equating ~actors were held con-
stant,. 
B. Partial correlations 
Table XXXVIII gives the pertinent correlations, based 
on zero-order coe~ficients. 
B 
B 
B 
B 
TABLE XXXVIII 
SUMMARY OF PARTIAL CORRELATIOI\fS COEFFICIEliJTS 
FOR GROUPS I~ II,.AND III 
CORRELATION HELD GROUPS 
, BETWEEN CONSTANT I II 
score and R.T. I.Q., M.A., Al 0.15 0.32 
score and :M.A. I.Q.' R. '1!. ' Al 0;37 -0.07 
score and' I.Q. R.T., M~A., Al 0.21 0.18 
score and A1 I.Q., M.A., R.T. 0.11 0.26 
III 
0.45 
0.21 
.-0.19 
0.11 
The coef~icients between scores on Test II, Form B, 
Part I and readiness test scores with intelligence quotients, 
mental age, and A1 scores held constant 1-rere all positive: 
Group I, 0.15; Group II, 0.32; Group III, 0.45. Of these, 
the coe~~icients ~or Groups II and III::were statistically 
significant beyond the 1 per cent level; whereas, the co-
efficient ~or Group I was almost significant at the 5 per 
cent level. 
1,07 
The coefficients between scores on Test II, Form B, 
Part I and mental age with intelligence quotients, readiness 
test scores and A1 scores held constant were positive for 
Groups I and III and negative for Group II: Group I, 0.37; 
Group .II, -0~07; Group III, 0~21. ·Of these, the coeffi-
cients for Groups I and III were statistically significant 
beyond the 1 per cent level, whereas the coefficient for 
Group II was not statistically significant. 
The coefficients between scores on Test II, Form B, 
Part I and intelligence with readiness test scores, mental 
age, and scores on A1 held constant were positive for Groups 
I and II and negative for Group III: Group I, 0.21; Group 
.. 
II, 0.18; Group III, -0.19. Of these, the coefficient 
for Group I was statistically-significant beyond the 1 per 
cent level, whereas the coefficients for Groups II and III 
were statistically significant at the 5 per cent level. 
The coefficients between scores on Test II, Form B, 
Part I and scores on A1 with intellig-ence quotients, mental 
age, and readiness test scores held constant were all posi-
tive and low: Group I, 0.11; Group II, 0.26; Group III, 
0.11. Of these, the coefficient for Group II was statis-
tically significant beyond the l per cent level, whereas 
the coefficients for Groups I and III were not statistical-
ly significant. 
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Method of Estimating the Quotients Used by Pupils. 
Test II, Form B, Parts I and II, was administered to 
all groups at the end of Phase 4. Part II consisted of 
ten examples with divisors ending in 0,1,2,3,4,5,6,7,8, and 
9. The pupils were simply to estimate the first quotient 
digit and indicate by what method they had arrived at their 
estimation. Each example was set up with blanks to be 
filled in as follows: . 58J2Ii3 
in 
-·-
= 
If the pupil had used Rule II in his estimation, he would 
probably think 11 58 1-J"ill go into 243 about as many times as 
· 6 will go into .?.!±· 11 If the pupil had used Rule I in his 
estimation he would probably say 11 58 will go into 243 about 
as many ti:tnes as ~ will go into ~· 11 
It was. of interest to the writer to determine what 
per cent of the pupils in Groups I, II, and III used Rule 
I and what per cent used Rule II in estimating the first 
figure of the quotient on Test II, Form B, Part II. Table 
XXXIX summarizes this L~ormation. 
Since in examples 1,2,3,4,5,6, and 9 the met~od of es-
timating the first quotient digit.is the same whether Rule 
I or Rule II is used, it was decided to concentrate atten-
tion on those examples in which the divisors end in 6,7,8, 
or 9 (the starred examples in whe ~Jflo3llowiltlg::..tabl.e} ~,were 
there is a different procedure used ~epending wholly on 
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TABLE XXXIX 
PER CENT OF PUPILS IN GROUPS I, II,.AND I~I.USING RULE I AND RULE II IN ESTIMATING 
THE. FIRST FIGURE OF THE _f.lUOTIENT _Ol'i FOID1 B, PART .. II. (FIRST ADMINISTRATION) .. 
· GROUP I GROUP II · · · · GROUP III 
Ex. Rule I Rule II ~r Rule I Rule II. ~:- Rule I Rule II. ~~ % W..' d1 % % of'-··- Ol vl o; II o . fO • • ;o o . o ;o, . fO fO . . ;o 
1. 94.27 5. 73 93 .. 20 6 .. 80 94.J4 5 .. 66 
2. 95.54 4.46 93.88 6.12 96.86 3.14 
~Hi-J. 95.54 4.46 67.35 25.17 7.48 51.57 44.03 4.~.0 
4. 94.27 5.73 93.20 2.04 4.76 92.45 7-54 
5. 94.90 
6. 94.90 
~Ht-7. 92.36 
.... 
~Hi-8. 73.25 
9. 92.36 
~H:-10. 93 • 63 
Av. 
3,7,8, 
10 88.70 
0.63 
0.63 
0.32 
5.10 
5.10 
7.01 
26.75 
7.64 
5. 73 
10.99 
93.20 
93.88 0.68 
69.39 25.85 
49.66 32.65 
90~48 
66.67 26.53 
63.27 27.55 
Av. 
1,2,4, 
5,6,9 94.37 5.63 92.97 0.45 
-1:- Unable to identify method 
~H:- Divisors end in 6_1__7.,f3i or 9 
6.80 
5.44 
4· 76 
17.69 
9.52 
6.80 
9.18 
6.57 
88.87 6.09 
90.57 1.26 
42.14 54.72 
2l.38 56.60 
89.94 3.14 
37.73 55.35 
38.21 52.68 
92.17 1.78 
5.03 
8.18 
3.14 
22.01 
6.92 
6.92 
9.12 
6.08 
f-J 
f-J 
0 
whether Rule I or Rule II is employed. 
In Table L"TICDC it is shown that in example 3 where RulE 
II would ~pply, 95~54% of the pupils in Group I used Rule 
I, none used Rule II, and in 5.73% of the cases the method 
used could not be determined; 67.35% of the pupils in Group 
II used Rule I, 25.17% used Rule II, and in 7.48% of the 
~~ses the metl~od used 'could not b~" determined; 5l.57% of 
the pupils in Group III used Rule I, 44.03% used Rule II, 
and in 4.40% of the cases the method used could not be de-
termined. 
In example 7 where Rule II would apply, 92.36% of the 
pupils in Group I used Rule I, 0.63% used Rule II, and in 
7.01% of the cas~s the method used could not be determined; 
69.39% of the pupils in Group II used Rule I, 25.85% used 
Rule II, and in 4.76% of the cases the method used could not 
be det~rmined; 42.14% of the pupils in Group III used Rule 
I, 54.72% used Rule II, and in 3.14% of the cases the meth-
od used could not be determined. 
In example 8 where Rule II would apply, 73. 25% of the 
pupils in Group I used Rule I, none used Rule II, and in 
26.75% of the cases the method used-could not be determined; 
49.66% of the pupils in Group II used Rule I, 32.65% used 
Rule II, and in 17.69% of the cases the method used could 
not b~- determined; 21.38% of t.ae pupils in Group III used 
Rule I, 56.60% used Rule II, and in 22•~:01% of the cases the 
method used could not be determined. 
lll 
In example 10 where Rule II would also apply, 93.63% 
of the pupils in Group I used R~ie I, 0.63% used Rule II, 
and in 5.73% of the cases the method used could hot be de-
termined; 66.67% of the pupils in Group II used Rule I, 
26.53% used Rule IIj and in 6.8o% of the cases the method 
. .. 
used could not be determined; 37.73% of the pupils in Group 
III used Rule I, 55.35% used Rule II, and in 6.92% of the 
cases the method used could not be determined. 
The average for examples 3,7,8, and 10 was as follmvs: 
88.70%. of the pupils in Group I used Rule I, 0~32% used 
Rule II, and in 10.99% of the cases the method used could 
not be determined; 63.27% of the pupils in Group II used 
Rule I, 27.55% used Rule II, and in 9.18% of the cases the 
method used could not be d~termined; 38.21% of the pupils 
in Group III used Rule I, 52.68% used Rule II, and in 9.12% 
of the cases the method used could not be determined~ 
At the close of Phase 6 in the experimental study, 
Test II, Form B, Part II was administered for the second 
time to Groups II and III to see if after a lapse of twelve 
weeks there was any appreciable change in the procedure for 
estimating the first figure of the quotient. Since only a 
relatively :few· students in Group I had used Rule II on the 
previous administration of the test, Group I was not in-
eluded on this test. The per cent of pupils in Groups II 
and III who used Rule I and the per cent who used Rule II 
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in estimating the first figure of the quotient on Form B~ 
Part II was again determined. Table XL summarizes this 
information. 
In Table XL it is sho~rn that in example 3 where 
Rule II would apply, 65~30% of the pupils in Group II used 
Rule I, 27.89% used Rule II~ and in 6.8o% of the cases the 
method used could not be determin~d; whereas~ 60.37% of 
Group III used Rule I, 35.8~% used Rule II, and in 3.78% 
of the cases the method used could not be determined. 
In example 7 where Rule II would apply, 61.90% of the 
pupils used Rule I.t 29.93% used Rule II, and in 8.16% of 
the cases the method used could not be determined; whereas, 
53.45% of the pupils in Group III used Rule I, 42.14% used 
Rule II, and in 4.40% of the cases the method used could 
not be determined. 
In example 8 where Rule II would apply, 45. 57% of the 
pupils in Group II used Rule I, 35.37% used Rule II, and in 
19.05% of the cases the method used could not be determined; 
whereas, in Group III 29.56% used Rule I, 49.68% used Rule 
II, and in 20.75% of the cases the method used could not be 
determined. 
In example 10 where Rule II would apply, 63.26% of 
the pupils in Group II used Rule I, 29.25% used Rule II, 
and in 7.48% of the cases the method used could not be de-
termined; whereas, 51.57% of the pupils in Group III used 
Rule I, 43.39% used Rule II, and in 5.03% of the cases the 
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TABLE XL: .. 
PER CENT OF. PUPILS IN GROUPS II AND III USING RULE I AND RULE II IN ESTI}~TING 
THE FIRST FIGURE OF THE QUOTIENT .ON .FOill1.B, PART II (SECOND AD~IINISTRATION) 
~ .. ----- --- --~ ~- - -- - ------- --- -~ - - ---- ----
GROUP I-I · · · GROUP -III · 
Ex. Rule I Rule. II -ll- Rule I Rule. II -:~ 
0 0 % 0 ;o. o o o. o ;o 
1. 93.87 6 •. 12 96 •. 22 3.·77 
2. 93.19 6.80 96.95 0.06 2.98 
''"3 ..... ,;\'"" 4 65.30 27.89 6.80 60.37 35.84 3.78 
4. 90.47 9.52 94.48 0.06 5.45 
5. 91.84 0.17 7.98 89.94 3.77 6.28 
6. 91.15 8.84 91.14 1. 78 7.08 
''''7 ""1\'""i\ • 61.90 29.93 8.16 53.4-5 42.14 4.40 
. . 
u-ve 
'i\''t\"" • 45.57 35.37 19.05 29.56 49.68 20.75 
9. 88.93 0.08 10.98 86.99 1.88 11.12 
~}?~10. 63.26 29.25 7.48 51.57 43.39 5.03 
Av. 
3,7,8, 
10 59.01 30.61 10.37 48.74 42.76 8.49 
Av. 
1,2,4, 
5,6,9 91.58 0.42 8.37 92.62 1.26 6.11 
" 
-"- Can't determine what method used 
1Hl- Divisors end in 6,7,8, or 9 
1-' 
1-' 
+ 
method used could be determined~ 
In averaging the results of examples 3,7,8, and 10, 
it was n~ted that 59.01% of the pupils in Group II used 
Rule I, 30.61% used Rule II, and in 10.37% of the cases the 
method used could not be determined; whereas, 48.74% of 
Group III used Rule I, 42.76% used Rule II, and in 8.49% 
of the cases the method used could not be determined. 
A comparison was then made between what methods the 
p~~ils used on Form B, Part II on both administrations. 
Table XLI compares the per cent of pupils in Group II who 
used Rule I and the P,er cent who used Rule II on the first 
administration with the per cent who used Rule I and the 
per cent who used Rule II on the second administration. 
In Table XLI in example 3 ·w;h.ere Rule II would apply, 
67.35% of. the pupils in Group II used Rule I on the first 
attministration, 65.30% used Rul~ I on the second adminis-
. . . 
tration; 25.17% used Rule II. on the first administration, 
27.89% used Rule II on the second administration; in 7.48% 
of the cases the method used could not be determined on the 
first administration, whereas on the second administration, 
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in 6.80% of the cases the ~ethod used could not be determine( • 
In example 7 where Rule II would apply, 69.39% of the 
pupils in Group II used Rule I on the first administration, 
61.90% used Rule I on the· second administration; 25.85% 
used Rule II on the first administration, 29.93% used Rule 
TABLE XLI ... 
CQI.1PARISON OF THE PER CENT OF PUPILS OF. GROUP II USING RULE I AND RULE II IN 
.ESTIMATING THE FIRST F.IGDRK~OF THE QL!QTIENT ON FOffil B~ PART II 
.(FIRST ADHINISTRA',riOlf) AND (SECOND ADNINISTRATION) 
RULE I· · - · - RULE II · · CANt T TELI;,~ 
Ex. 1st; Admin.. 2nd Admin. 1st Admin.. 2nd Admin. 1st Admin. 2nd Admin. 
1. 93.20 93.87 E.Bo t>.12 
2. 93.88 93.19 6.12 6.80 
~u~3 
'71\ I'\ • 67.35 65.30 25.17 27.89 7 .L~8 6.80 
4. 93.20 90.47 2.04 4. 76 9.52 
5. 93.20 91.84 0.17 6.80 7.98 
6. 93.88 91.15 0.68 5.55 8.84 
" .. , 7 iM~ • 69.39 61.90 25.85 29.93 4.76 8.16 
\t \1 8 
·,n, • 49.66 45.57 32.65 35.37 17.69 19.05 
9. 90.48 88.93 0.08 9.52 l0.'98 
-~· 
~H~lO. 66.67 63.26 26.53 29.25 6.80 7.48 
Av. 
3~7,8, 
59.01 27.55 10 63.27 30.61 9.18 10.37 Av. 
1,2,4, 
5,6,9 92.97 9L58 0.45 0.42 6.57 8.37 
,:.~ 
" 
Can 1 t determine what method used 
-1.r-;~ Divisors end in 6 ~ 7, 8, or 9 
~ 
0"' 
II on the second administration; in 4.76% of the cases the 
method used could not be determined on the first adminis-
tration; 1vhereas_, in 8.16% of the cases the method used 
could not be determined on the second administration. 
In example 8 where Rule II would apply, ~-9. 66% of the 
pupils in Group II used Rule I on the first administration, 
45.57% used Rule I on the second administration; 32.65% of 
the pupils used Rule II on the first administration, 35.37% 
used Rule II on the second administration; in 17.69% of the 
cases the method used could not be determined on the first 
administration; whereas, in 19.05% of the cases the method 
used could not be determined on the second administration. 
In example 10 where Rule II would apply_, 66.67% of 
the pupils in Group II used Rule I on the first administra-
tion, 63.26% used Rule I on the second administration; 
26.53% of the pupils used Rule II on the first administra-
tion, 29.25% used Rule II on the second administration; 
in 6.80% of the cases the method used could not be deter-
mined on the first administration, whereas, in 7.84% of the 
cases the method used could not be determined on the. second 
administration. 
In averaging the results of examples 3, 7, 8, and 10, 
63.27% of the pupils in Group II used Rule I on the first 
administration, 59.01% used Rule I on the second administra-
tion; 27.55% used Rule II on the first administration, 
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30.61% used Rule II on the second administration; in 9.18% 
o~ the cases the method used could not be determined on· the 
~irst administration, whereas in 10.37% o~ the cases the 
method used could not be determined on the second adminis-
tration. 
Table XLII compares the per cent o~ pupils in Group 
III who used Rule I and the per cent who used Rule II on 
the ~irst administration with the per cent who used Rule 
I and the per cent who used Rule II on the second adminis-
tration. 
Table XLII shows that in example 3 where Rule II would 
apply, 51.571{ ~:f the pupils in Group III used Rule I on the 
~irst administration while 60.37% did on the second admin-
istration; 44.03% used Rule II on the ~irst administration 
and 35.84% on the second administration; in 4·L~o% o~ the 
cases the method used could not be determined on the first 
administration, 1-vhereas in 3478% o~ the cases the method 
used could not be determined on the second administration. 
In example 7 where Rule II would apply, 42.14% used 
Rule I on the ~irst administration and 53.45% on the second 
administration; 54.72% used Rule II on the ~irst administra-
tion and 42.14% on the second administration; in 3.14% o~ 
the cases the method used could not be determined on the 
first administration, whereas in 4.L~o% o~ the cases the 
method used could not be determined on the second adminis-
tration. 
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TABLE XLII 
COHPARISON OF THE PER CENT OF PUPILS IN GROUP III USING RULE I AND RULE II IN 
.ESTINATING THE FIRST FIGURE OF.THE QUOTIENT ON FORI-1. B, .PART II. 
(FIRST ADHINISTRATION) AND :(SECOND ADI1INISTRATION) 
RULE I· ·RULE II·· . c·an I t Te11-l:-
Ex. 1st Adm.in. 2nd Admin. 1st Adm.in. 2nd Admin. 1st Admin. 2nd Admin. 
% fb % % d! 1b /0 
1. 94.34 96 • .22 5 .• 66 3.77 
2. 96.86 96.95 0.06 3.14 2.98 
'~\I' 3 4\i\' • 51.57 60.37 4J+.03 35.84 4.40 3.78 
4. 92.45 94.48 o.o6 7.54 5.45 
5. 88.87 89.94 6.09 3-77 5.03 6.28 
6. 90.57 91.14 1.26 1.78 8.18 7.08 
,,.,,.7 
1\i\' • 42.14 53.45 54.72 42.14 3.14 4.40 
. . 
~H~ .. e. 21.38 29.56 56.60 49.68 22.01 20.75 
9. 89. 9L~ 86.99 3.14 1.88 6.92 11.12 
~r-~~ 10. 37.73 51.57 55.35 43.39 6.92 5.03 
Av. 
3,7,8~ 
48. 7L~ 52.68 10 38.21 42.76 9.12 8.49 
Av. 
1,2,4, 
92.62 5,6,9 92.17 1.78 1 .• 26 6.08 6.11 
~: .. Gantt determine what method used 
-lH~ Divisors end in 6,7 8 or 9 
f-J 
f-J 
\,() 
In example 8 where Rule II would apply, 2l.38% used 
Rule I on the first administration and 29.56% on the second 
administration; 56.60% used Rule II on the first administra-
.. 
tion and 49.68% on the second administration; in 22.0l% 
of the cases the method used could not be determined on the 
first administration, whereas~ in 20.75% of the cases the 
method used could not be determined on the second aQminis-
tration. 
In example lO where Rule II would apply, 37.73% used 
Rule I on the first administration and 5l.57% on the second; 
55.35% used Rule II on the first administration and 43.39% 
on the second administration; in 6.92% or the cases the 
method used could not be determined on the first adminis-
tration, whereas, in 5.03% of the cases the method used 
could not be determined on the second administration. 
In averaging the results on examples 3, 7, 8, and lO 
where Rule II would apply, it was noted that 38.2l% or the 
pupils used Rule I on the first administration and 48.74% 
on the second; 52:68% used Rule II on the first administra-
tion and 42.76% on the second; i~·9.l2% or the cases the 
method used could not be determined on the first administra-
tion, whereas, in 8.49% ·or the cases the method used could 
not be determined on the second administration. 
In studying this last section which dealt with the 
actual method the children used in estimating the first 
l20 
digit of the quotient, it was· quite clear' to the writer that 
more of' the children in Group III used Rule II than did 
those who were in Group II. In example 3 Group III used 
in 7.59% more of 
" 
Rule II the cases than Group II did; in 
example 7 the difference was 12. 21%; in example 8 the 
difference was 14.31%; in example 10 the difference was 
14.14%. In averaging examples 3,7,8, and 10, Group III 
used Rule.II in 12.15% more of the cases than did Group II. 
When all the analyses were studied it definitely was 
observed that the children did not always use the procedure 
that they were taught. 
Chapter V will deal with the summary and conclusions 
of the study. 
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CHAPTER V 
SW~ffiRY AND CONCLUSIONS 
The purpose of this investigation vras two-fold: (1) 
to compare the relative merits of two methods of estimating 
quotients 1-J"hen dividing by a two-figure divisor: the one-
rule and two-rule methods, since these are the two most 
widely advocated and used today; (2) to study the effects 
of first learning the one-rule method and then introducing 
the two-rule method as an alternative. In determining the 
relative effectiveness of the procedures such factors as 
speed and accuracy of performance were taken into considera-
tion; and also the relation of achievement to intelligence 
quotients and to the pre-requisite computational skills. 
A review of the professional literature relating to 
this.area showed little or no agreement as to which is the 
best and most efficient method for arriving at the correct 
quotient figure. There is general agreement as to the meth-
od to use when two-figure divisors end in 0,1,2,3, or 4 and 
almost universal agreement for divisors ending in 5. There 
is general disagreement, however, on how to cope with two-
figure divisol ... S whi.ch end in 6, 7 ,8, or 9. 
Grossnickle 1 s~investigation~ the only scientifically 
conducted one which took into account the actual procedures 
used by children~ showed that there was no significant dii'-
ference between the apparent method and the increase-by-one 
method. However, his study was carried out with fourth 
graders rather than with fifth graders at a time (1935) 
when arithmetic was not taught as meaningfully as it now is. 
Plan oi' the Study. 
The experiment was carried out in an entire fifth 
grade whiCh consisted of 22 classrooms. The total group 
of 463 pupils was separated into three groups roughly 
equated on the following factors: intelligence quotients, 
mental ages, readiness test scores, readiness test time, and 
scores on Test II, Form A (a test in division by two-i'igure 
divisors). Group I was taught the one-rule method; Group II 
- the two-rule method; whereas, Group III was taught to use 
the one-rule method and then introduced to the two-rule 
method as an alternative. 
For the first five weeks all three groups received 
the same instructional program for divisors ending in 0,1, 
2,3,4~ and 5. For the next i'our weeks Group I was taught 
the one-rule method for divisors ending in 6,7~8, and 9; 
1F. E. Grossnickle, 11 An Experiment with Two Methods 
of Estimation oi' the Quotient," Elementary School Journal, 
37:. 668-677, May, 1937. 
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Group II v-ras introduced to the two-rule method; Group III 
continued to use the one-rule method. The last three weeks 
Group I continued to use the one-rule method; Group II con-
tinued to use the two-rule method; whereas, Group III was 
introduced to the two-rule method. 
At the close of twelve weeks of instruction Test II, 
Form B, Parts I and II was administered to the three groups. 
Part I consisted of 20 division examples with two-figure 
divisors in which representative types of division diffi-
culty were included and in which an attempt was made to 
have Rule I and Rule II succeed an equal number of times. 
Part II included 10 examples in which the two-figure divi-
sors ended in 0,1,2,3,4,5,6,7,$, and 9. In these examples 
the pupil told how he determined the first quotient fi·gure. 
He did not work out any of the examples beyond estimating 
the first quotient digit. 
After a six-weeks lapse of time during which no spe-
cific instruction in division was given, Test II, Form A, 
was administered as a retention measure. 
After a t-vrelve-weeks lapse of time during which there 
was no specific instruction in division, Test II, Form B, 
Part II was administered to Groups II and III to determine 
whether the lapse of time would bring about any changes in 
the methods used by the children in estimating quotients. 
The pupils were allowed to finish all the tests but 
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a caref'lil check was kept of' the amount of' time required 
and the nrights scoren f'or each test. F-tests and t-tests 
where necessaryJ were used to determine the signif'icance 
of' the dif'f'erence among groups and between groups. 
T.he percentage of' pupils in each group who used the 
one-rule method and the percentage who used the two-rule 
method was also determined. Zero-order correlations and 
partial correlation coef'f'icients involving pertinent ex-
perimental f'actors were f'ound. 
Limitations--of' the Study. 
1. The extent to which the f.'.indings and conclusions 
from this study would be generally applicable to 
arithmetic instruction at the f'if'th grade level 
would depend on the representativeness of' the sam-
ple usedJ or if' not exactly representativeJ wheth-
er it varied in any relevant 1.vay from the general 
population. 
2. The present study stressed only one aspect of divi-
sion by two-figure divisors: the estimation of 
the quotient. There may be other aspects of the 
complete division process which have a bearing on 
the problemJ as indicated in 3 below. 
3. The complete algorism used in the investigation 
was not compared with other algorisms or procedures 
12 
such as those advocated by Van Engen1 and Zimmer-
man.2 
4. There was no attempt made to measure the ease with 
which a child gained a basic understanding of the 
method he was using, and the degree or level of 
understanding attained. 
5. It can only be assumed that the teachers in each 
of the three groups followed the suggested teach-
ing procedures equally faithfully and well. The 
writer through meeting with the participating 
teachers before and during the investigation dis-
cussed and demonstrated procedures that all under-
stood and agreed to follow. 
6. Although an attempt was made to ascertain whether 
or not the pupils used the method taught, it only 
can be assumed that the pupils used on other tests 
the same method they indicated on Test II, Form B~ 
Part II. 
7. The long range effects over a longer period of 
time were not studied. 
1 
Henry Van Engen and E. Glenadine Gibbs, General 
Mental Functions Associated with Division. Educational 
Service Studies, No .• 2. (Cedar Falls, Iowa: Iowa State 
Teachers College, 1956) ... 
2 James L. Zimmerman, An Experiment in a New J:.1ethod 
of Long Division. Unpublished doctorts dissertation. 
TPittsburgh: Graduate School, University of Pittsburgh, 
1952). 
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Findings o~ the Study. 
1. A~ter the twelve-week period o~ instruction statis~ 
tical treatment .showed that there were statistical-
ly signi~icant di~~erences beyond the 1 per cent 
level with regard to the means o~ the rights-scores 
in division with two-~igure divisors. Further 
statistical treatment indicated that there was a 
statistically signi~icant di~~erence between 
Groups I and II at the 5 per cent level and between 
Groups II and III at the 1 per cent level; however, 
there was no statistically signi~icant di~~erence 
between Groups I and III at the 5 per cent level. 
2. Each group~ considered by itsel~, gained a highly 
significant amou_~t (beyond the .1 per cent level) in 
rights-scores during the twelve-week experimental 
period. 
3. The three groups differed significantly among them-
selves in the amount o~ gain in rights-scores 
during the ttvelve-week experimental period. There 
was a statistically significant di~~erence between 
Groups I and II and Groups II and III at the 1 per 
cent level or beyond; however, there 1vas no statis-
tically significant difference between Groups I 
and III at the 5 per cent level.· 
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4. Af'ter a six-weeks lapse of time during 1vhich there 
there was no specif'ic instruction in division there 
continued to be statistically signif'icant dii'f'er-
ences as at the end of' the twelve-week period. 
The dif'i'erences 1.-vi th regard to the mean-rights per-
f'ormance of' Groups I and II and Groups II and III 
were signif'icant at the 1 per cent level or be-
yond. However, there was no statistically signii'i-
cant dif'i'erence with regard to the mean-rights 
perf'ormance of' Groups I and III at the 5 per cent 
level. 
5. No group, considered by itself', changed signif'i-
cantly in mean-rights perf'ormance during the six-
weeks lapse of' ti.rn.e • 
6. Ai'ter the ~velve-week period of' instruction there 
were statistically signif'icant dif'ferences among 
the means of' the time-scores. There was a statis.-
tically signif'icant dif'f'erence at the 5 per cent 
level with regard to the means of' Groups I and II 
and at the 1 per cent level or beyond i'or Groups 
I and II and at the 1 per cent level or beyond f'or 
Groups II and III; however, there was no statis-
tically signif'icant dii'f'erence with regard to the 
means of' Groups I and III. 
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7. After the six-weeks lapse of t~e there were no 
statistically significant differences among the 
means of the time-scores. 
8. Two of the three groups showed a statistically 
significant difference in mean time-scores from the 
end of the twel ve-1-reeks experimental period to the 
end of the .s.ix-1-veeks lapse of time during which 
there was no instruction. Group I and Group III 
showed a significant difference at the 1 per cent 
ievel or beyond; whereas~ Group II showed no sig-
nificant difference at the 5 per cent level. 
9. The t~~ee groups differed significantly among them-
selves in the means of the difference in time from 
the end of the twelve-weeks experimental period to 
the end of the six-weeks lapse of time. There was 
a statistically significant difference between 
Groups I and II and Groups II and III at the 1 per 
cent level or beyond. However, there was no sta-
tistically significant difference between Groups I 
and III at the 5 per cent level .• 
10. In each group there was a positive zero~order cor-
relation between readiness test score and each 
equating factor (intelligence~ mental age, score 
on Test II, Form A1, and score on Test II, Form B). 
The degree of relationship ranged from 0.10 to 0.56 
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and varied in statistical significance. 
a. Group I 
The correlation coefficients between readi-
ness test scores and intelligence and be-
tween readiness test scores and scores on 
Test II, Form A1 were not statistically 
significant. 
The correlation coefficient between readi-
ness test scores and mental ages was sta-
tistically significant at the 5 per cent 
level. 
The correlation coefficient between readi-
ness test scores and Test II, Form B scores 
was statistically significant at the 1 per 
cent level. 
b. Group II 
The correlation coefficients were statis-
tically significant beyond the 1 per cent 
level in all cases. 
11. In each group there was a positive zero-order cor-
relation between the scores on Test II, Form B 
and each equating factor (intelligence, mental age, 
readiness test score, readiness test time, and 
scores on Test II, Form A1) except for the corre-
lation coefficient bet1-reen Test II, Form B scores 
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and readiness test time where the coe~~icients were 
~ound to be negative. The degree o~ relationship 
ranged ~rom 0.17 to 0.56 and varied but little in 
in statistical significance. 
a. Group I 
All the correlation coe~~icients were sta-
tistically significant at the 1 per cent 
level except ~or the correlation coef~icien 
between the scores on Test II, Form B and 
readiness test tLme where the coefficient 
was statistically significant at the 5 per 
cent level. 
b. Group II and Group III 
All the correlation coe~ficients were sta-
tistically significant at the 1 per cent 
level. 
12. In each group there was a negative zero-order cor-
relation between gains from Test II, Form A1 to 
Test II, Form B and equating factors (intelligence, 
mental age, readiness test scores, readiness test 
time, and scores on Test II, Form A1 ) with but two 
exceptions: in Group II the relationship between 
the gains :from Test II, Form A1 to Test II, Form B 
and intelligence and the relationship between the 
gains ~rom Test II, Form A1 to Test II, Form B and 
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readi.."rJ.ess test time. were both negative. The de-
gree of relationship ranged from 0.02 to 0.84. 
a. Group I 
The correlation coefficients between gains 
from Test II, Form A1 to Test II, Form B 
and intelligence and between the gains 
from Test II, Form A1 to Test II, Form B 
and mental age were not statistically sig-
nificant. 
The correlation coefficients between gains 
, I 
from Test II, Form A1 to Test II, Form B 
and scores on Test II, Form A1 were statis-
tically significant at the l per cent lev-
el. 
The correlation coefficient between gains 
from Test IIj Form A1 to Test II, Form B 
and readiness test time was statistically 
significant at the 5 per cent level. 
b. Group ·II 
• 
All correlation coefficients between gains 
from Test II, Form A1 to Test II, Form B 
. . . 
and equating factors (intelligence, mental 
age, readiness test scores, readiness test 
time, and scores on Test II, Form A1 ) were 
not statistically significant with but one 
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exception 1vhere the correlation coe.f.ficient 
between gains .from Test II, Form A1 to 
Test II, Form B and scores on Test·- II, Form 
A1 was statistically significant at the- 1 
per cent level and beyond. 
c. Group III 
The correlation coefficients between gains 
from Test II, Form A1 to Test II, Form B 
and intelligence, between gains from Test 
II, Form A1 to Test II, Form B and mental 
age, and between gains from Test II, Form 
A1 to Test II, Form B and scores on Test 
II~ Form A1 were all statistically signifi-
cant at the 1 per cent level; whereas, the 
correlation coef.ficient between gains .from 
Test II, Form A1 to Test II, Form B and 
readiness t~st scores and between gains 
from Test II, Form A1 to Test II, Form B 
and readiness test time_ were not statis-
tically signi.ficant. 
13. In eaCh group the partial correlation coefficients 
between scores on Test II, Form B and each equat-
ing .factor (intelligence, mental age, readiness 
test scores, and scores on Test II, Form A1 were 
all positive with but two exceptions in which the 
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coefficients were negative: in Group II the par-
.. 
tial correlation coefficient between scores on 
Test II,.Form Band mental age with intelligence, 
readiness test scores, and scores on Test II, Form 
Al held constant· and in Group III the partial corre-
lation coefficient between scores on Test II, Form 
· B and intelligence with readiness test scores, men-
tal age, and scores o~ Test II, Form A1 held con-
stant. The relationship .. ranged from 0.07 to 0.4.5. 
a. Group I 
The partial correlation coefficient between 
scores on Test II, Form B and readiness 
test scores with other equating factors 
held constant was almost significant at the 
5·?per cent level. 
The partial co+relation coefficients between 
scores on Test II, Form B and mental age and 
between scores on Test II, Form B and intel-
ligence with other equating factors held con-
stant were statistically significant at the 
1 per cent level; however, the coefficient 
between scores on Test II, Form B and scores 
on Test II, Form A1 with other equating fac-
tors held constant was not statistically sig-
nificant. 
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b. Grou_l? II 
The partial correlation coefficients between 
scores on Test II, Form B and readiness test 
scores and between scores on Test II, Form B 
and scores on Test II, Form A1 with other 
equating factors held constant were statis-
tically significant at the 1 per cent level. 
The partial correlation coefficient between 
scores on Test II, Form B and intelligence 
with other equating factors held constant 
was statistically significant at the 5 per 
cent level; however, the partial correlation 
coefficient between scores on Test II, Form 
B and mental age with other equating factors 
held constant was not statistically signifi-
cant. 
c. Grol.Y' III 
The partial correlation coefficients between 
scores on Test II, Form B and readiness test 
scores and between scores on Test II, Form 
B and mental age were statistically signifi-
cant at the 1 per cent level. 
The partial correlation coefficient between 
scores on Test II, Form B and intelligence 
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with other equating factors held constant 
was statistically significant at the 5 per 
cent level; whereas, the partial correla-
tion coefficient between scores on Test II, 
Form B and scores on Test II, Form A1 with 
other equating factors held constant was 
not statistically significant. 
14. At the close of the twelve-week experimental period 
the pupils in each group showed variation in their 
preference for the method of estimating quotient 
digits for divisors ending in 6,7,8, and 9 in Test 
II, Form B, Part II. The following information is 
.. 
based on the averages for examples 3,7,8, and 10, 
where Rule II would apply. 
a. In ~r~~p I, 88.79% used Rule I, 0.32% used 
Rule II, .and in 10.99% of the cases the meth 
od used could not be determined. 
b. In Group II, 63.27% used Rule I, 27.55% used 
Rule II, and in 9.l8% of the c~ses the meth-
od used could not be determined. 
c. In Group III, 38.21% used Rule I, 52.68% 
used Rule II, and in 9.12% of the cases the 
method used could not be determined. 
15. After a twelve-1..reeks lapse of time during which 
no specific instruction was given in division by 
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two-figure divisors, the pupils in Groups II and 
III continued to show variation in their preference 
for :method of' estimating quotient digits when 
divisors ended in 6, 7, 8, and 9, in Test II, For:m. 
B, Part II2. (As eA~lained previously Group I was 
not :measured this ti:m.e.) The following information 
is based on the averages for examples 3,7,8, and 
10, where Rule II would apply. 
a. In Group II, 59.01% used Rule I, 30.61% used 
Rule II, and in 10.37% of the cases the meth-
od used could not be determined. 
b. In Group III, 48.74% used Rule I, 42.76% 
~sed Rule II,and in. 8*49% of the cases the 
:method used could not be determined. 
16. In comparing the data fro:m. both administrations 
of Test II, Form B, Part II, in Group II the fol-
lowing results were noted when averaging examples 
3,7,8, and 10, where Rule II would apply: 63.27% 
of the pupils used Ruie I on the first ad:m.inistra-
tion, 59.01% used Rule I on the second administra-
tion; 26.55% used Rule II on the first administra-
tion, 30 •. 61% used Rule II on the second ailiainistra-
tion; in 9.18% of the cases the :method used could 
not be determined on the first administration, 
whereas, in 10.37% of the cases the method used 
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o9uld.not be determined on the second administra-
tion. 
17. In comparing the data f'rom both administrations · 
of' Test. II, -Form B, Part II, in Group III the f'ol-
lowing results were noted when.averaging examples 
3, 7, 8, and 10, wher·e Rule II would apply: 38. 21% 
of' the pupils used Rule I on the f'irst adminis tra- . 
tion, 48.74% used Rule I on the second administra-
. ' 
tion; 52.68% used Rule II on the f'irst administra-
t.ion, 42.76% -used Rule II on the second administra-
tion; in 9.l2% of' the oases the method used could 
not be determined on the f'irst administration, 
whereas, in 8.48% of' the oases the method used 
oould.not be determined on the second administratior. 
Conclusions. 
Insof'ar as the obtained scores used in this investiga-
tion represent the abilities of' the pupils tested, and inso-
f'ar as the sample of' pupils is representative, the following 
conclusions may be drawn: 
1. Whether measured at the end of' instruction or af'ter 
a lapse of' time the students who are taught only the 
one-rule method are more accurate than those who are 
. 1 
taught the two-rule met4od; those who are taught 
1Sinoe all children completed all examples the number 
of' rights would be an indication of' the degree of' accuracy 
f'or dividing by two-f'igure divisors. 
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:first the one-rule method and then intr.oduced to the 
two-rule method as an alternative are more accurate 
than those who are taught the two-rule method; 
also, they are neither more nor less accurate than 
those who are taught only the one-rule. 
2. Pupils who are taught only the one-rule method 
work as quickly as those who are taught :first the 
one-rule method and then introduced to the .two-rule 
method as an alternative whenm..easured at the end 
o:r systematic instruction. Also, pupils who are 
taught either o:r these procedures work :raster than 
the pupils who are taught the two-rule method. 
A:Cter a lapse o:r time, however, there is no signii'i 
cant dii'i'erence in speed among those who are taught 
the two-rule method, those who are taught only the 
one-rule method, and those who are taught :first 
the one-rule method and then introduced to the two-
rule method as an alternative. 
3. Among the :factors o:r intelligence, mental age, and 
mastery o:r pre-requisite skills in dividing by two-
i'igure divisors, no one :factor is particularly high 
or outstandingly signii'icant in its relation to 
speed and accuracy o:r work. 
4. It may be inferred that pupils do not always use 
the method they are taught for estimating the 
quotient in division by two-figure divisors. 
5. There is no cause to believe that the slow learner 
is confused by first learning one method for deal-
ing with all divisors and then being introduced 
to an alternative method for dealing with divisors 
ending in 6,7,8, and 9. 
Implications of Study. 
From findings of this investigation it would seem that 
~ 
all children should be taught to use the one-rule method 
for handling all estimations of the quotient when dividing 
by two-figure divisors. If the two-rule method is taught 
at all it should be deferred until after the children have 
completed the study of division by two-figure divisors 
using the one-rule method for all divisors.?~ 
In electing whether or not to use the two-rule method, 
it is not necessary to make the same decision in regard to 
all children. The two-rule method can be introduced on a 
differentiated basis, i.e., some children may be taught only 
the one-rule method while others may be taught first the 
one-rule method and then introduced to the two-rule method 
as an alternative. 
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It is conceivable that this same type of approach -
first teaching one mathematical procedure to all children 
and then teaching an alternate procedure on a differenti-
ated bases~ - could be applied advantageously to other 
phases of arithmetic content. 
Teachers probably need to be more mindful of the fact 
that children frequently may not use the particular mathe-
matical procedure by which they were taught. All too often 
they operate on this assumption. In diagnostic work it is 
particularly helpful to know what procedure the pupil actual 
ly uses rather than merely to know the procedure he was 
taught to use. 
Suggestions for Further Research. 
l. The division methods investigated in this study 
could be compared with other algorisms and pro-
1 
cedUl~es such as those suggested by Van Engen and 
2 
Zimmerman. 
2. An experimental study could be set up which would 
be similar to the present one except that it would 
take into account what happens when a longer in-
terval of time elapse-s following the end of sys-
tematic instruction. 
lvan Engen, .££.• cit. 
2z· ·t lmmerman~ ££· cl . 
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TEACHER: _________ _ TIME: 
------
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TEST OF READINESS FOR DIVISION BY TWO-PLACE DIVISORS 
1) 
219 
2fJ± 
2) . 
780 
- 69 
3) 
7) . 8) . 9) 
6)1380 8)3449 897 
X 9 
4) 
4 
10) 
836 
-27i9 
5) 
129 
X 6 
6) 
910 
---1.§. 
11) 12) 
7)4553 4)2930 
13) 
470 
X 8 
15) 16) i 1 17) 18) 
504 
-1±.7£ 
19) 
7'~) 5;:>"'16-r'6'%'7 
6)4220 9)]829 954 
20) 21) 
8)1300 . 968 . 
. 22) 
781 
-596 X 8 
26) 
503 
-258 
X 9 
23) 24) 
8)7028 8~)5~2~6~8 
27) -T-7. ~ 
7)6oo6 28) 9)7000 
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28/907 
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79/4910 
12) 
23/27EJ 
TEST II~ FORM A 
3) 
53/1699· 
8) 
i3) 
58/5('80 
17) 18) 
68/2411~ 85/87010 
SCORE:: __ 
TIME: 
DATE:: 
-----
5) 
40/rzBb 72/Il+J"d 
9) 10) 
37/1650 82/52.132 
l5) 
87/2751+ 
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99/3480'0 17/8645 
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TEACHER: 
SCHOOl:J: 
FORM B~ PART II 
illCTIONS: In tho follow].ng examples you are ohly to tell how you 
~ablished the fi.rst quotient figure. In the blank spaces at the 
~ht o:f eaeh er.:e.:m±:1e) pleaoe put. down what you said to yourself to 
jlmate the very first qu0tient figure you try. In the example 
IITd5' l:f you ~aid to your3elf 34. will go into 285 about ae many 
nea a~ 5 will go into 28, you would write 3 in 28 = 9 • 
you do something different, try to write dow~ ~hat you do a~ 
tefly a~ po~siblo. There are ~wrong or right an~we~s this time. 
in 
-
-
52/nm' 
in • 
58~ 
in 
= 
2) 3) 
. 86~· 
in 
• -..;.o._, 
5') 6) 
95~ 
in : 
8) 9) 
17/SV 
-
_a...,...• 
-
10) 
79~ 
in !f. 
---
6~,t'!m' 
24~ 
in 
-
-· 
in 
-
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LEAR~IING TO DIVIDE BY A 'l'WO-FIGURE DIVISOR 
A COMPARATIVE S'!'UDY OF TWO :METHODS FOR ESTIN!ATING QUOTIENTS 
An Exper1.men·tal Research Project Proposed b,-
Mary Kathe~ine Carter 
Submitted to the 
Doctorate Comr11i ttee 
of' the 
Boston University 
School of Education 
October 2, 1957 
PLAN FOR DIVIDING DY A Tf10 ... FIGURI:~ DIVISOR 
1., Divide 
2. Place trial quotient correctly 
3. H~tiply 
4., Compare (Is subtrahend amaller than minuene?) 
So Su.b:tract 
t}., Compare (Jo remainder smaller than divisor?) 
·7 o Bring t'imm. next number 
8. Repeat steps 1·7 until finished 
9.. Place remainder • if there is one, in quotient 
r:;, 
,_ .. 
1f 'ACHER~' TL'E SC'D'i:DULE 
•' 
tober 7, 195'7 
-- -~------ ·~--..,. - -· Give RE":adiness Test. 
tober 9, 1957 
----·------- -- .. "-~ Give Tost II, Form A. 
tober 14, 195'7 --.. ---------- ... All gr::u.ps begin instructional proGram 
in div.Lsion. Please f'ollow plan for 
croup~ 
vember 18, 1957 ----------·-- Group :!~ - Continue instructional prog:ca1:~ 
in divJ.sion with divisol"s endine in 6 1 
nuary 6, 1958 
7, 3; Rnd 9 using the one-rule method. 
Groun II - Introduce the two-rule method 
f'or e f:Erma ting the quo ti en t with divisors 
ending in 6, 7, 8, and 9. 
Grou't III - Continue instructional -o:co~ 
gram ·W'I"£'Fi divisors ending in 6, 7, :3, 
and 9 using one-rule method. 
--------------- Grouos I s.nd II continue with mainte-_., ..... ____ ;.;...... 
nanc\a progra~. 
Gro,;rp III - Instructional program us:t.n~ 
two.:. rule method with divisors ending ln. 
6, 7, 3, and 9. 
nuary 24, 1953 -------------- Enc, of specif'ic instruction in divisior~. 
nuary 28, 19 58 ---------:.:..:..:.- Te !3_t_I_I_, __ F_o_r_m_B __ ·----------·--
LAP~E OF Tn:.E - SIX i"iZEKb - ~0 ~;ft!:CIFIC Ih;.:. THUCTION Il~ DIVI:SION 
-----------------------------·-------------------------------------------
.rch 11, 1958 ---------------- Test II, Form A 
3. 
DIRECTIONS FOH ADMiiH~ TEHiiW TE~T~ 
~~El·L~L DI.KEC'11I0.f.ll: The tlming of all tests '.'lith the exception of 'l'os'c II) 
Form B, Part II is verl important. 
Readiness Test - October 7, 1957 
Allow childt•en to finish test ( wi tbout chec~ing). Reco:r•d 
the time for each child. 
Test !I, Form A - October 9, 1957 
Give children the opportunity to do as much as they can. 
Record the time for· each child. 
Test II, Form B - January 28, 1957 
~ 
Part I - Allow children to finish (without chec1dnr,). 
Record the time for each child. 
Part II - Do not time this part of the test. Childr..?;.J. .s1··o:llc: 
be allowed to finish. 
Test II, Form A - March 11, 1958 
Allow childt•en to finish (without chec1dnB). Record the 
time for each child. 
;~·I ~~ Ii~ 9 C flr t, 0 !~ 
..,.~~-,--."',.:..,..__,....,..._......,,.,,.,.._<r._,. 
Pj:>e-·i;esting o£ all 5t;h gr,?.do:t:>S on roli!Van.t Gxperirnental factors 
ouch e.s the follovJing: 
1 .. IQ and MA as moasur.ad by a st1.:mdnrdj.zed intelligence test o 
2Q Readiness Test for dividing b~ a two-rigure divisor. 
3 .. D~.vision skill in dividing by a two-figure divisor, as 
mGasured by specially constructed Test IIP Form A. 
(Note: -See Plan of ProceduFe, 5&22 for details.) 
-
-.. -.. ---· ---------=•~-.¢~b-.. -J;-qnn==~=-~·-=------~-~~~~---~--------------~-----~---~-----• 
Separate into~group~ ~ou~~~guated on relevant 
______. ... o~· f'actora ~bove. 
------ l Instrt\etional pro-
gram in division 
using th~ one-rule 
method for estimat-
ing the quotientq 
(Divisors ending in 
0, 1, 2, 3, 4, and 5~ 
(5 W00kS) 
Continue instruc-
tional program in 
division with divi-
sors ending in 6, 
7, 8, and 9 using 
the one-rule method. 
Maintenance 
Program 
m~ev~-week aerio~ 
Test II, Form J?._ . 
Lapse of time - 6 
weeks - no specific 
instruction in divi-
·sion 
Test II, Form A 
~-------------------~ 
Instructional pro-
gram in d:1.vj.sion ._ 
using the one-rule 
method for estimat-
ing the quotient. 
(Di,Jisors Gnd1ng in 
0,1,2,3,4, and 5) 
(5 wooka) 
--filtroduce the two-
rule !nethod for es-
timating the quo-
tier.!: .,~:1. th divisors 
ending in 6, 7, 8, 
and 9. 
New 
Teaching 
~even-weekyeriod __ 
_Test ;g:_.. __ Form B 
Lapse of time - 6 
weeks - no specific 
inst:r--ouctlon in di v:t 
tiiou 
Teat II, For:m A 
'•-=-=~am----"••-----·------------=--' 
•. 
Ynstructional pro-
gram in division 
using the ona-l?l.ll(!l 
method f'ol ... estimat-. 
ing the quotiGnt. 
{Divisors ~nding in I 
6,1,2~3,4, and 5) 
( 5 W<'JOlts) 
Continue instr-uctio 
al program in divi-
sion with divisors 
ending in 6, 7, 8~ 
and 9 usinB the ono~ 
rt1le method, 
Maintenance 
Progz~a.m 
~?ur-week Eeriod -= 
Instructional pro-
gl'aln using tv1o-rule 
method. 
New 
Teaching 
,Thre.~-'liE'H~k period 
•Test-II, Form B 
Lapse of tim$ - 6 
weeks ~ no spGc1~1c 
instruction .in di~ 
vision 
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Plans for Group I 
~: See plans for groups I, II, and III for i'irst five steps .. 
November 18, 1957 - January 24, 1~58 
TEP VI Divisors ending in 6, 7, 8, and 9 
TEP VII -
1. Do not let partial quotient fail at first. 
2o Have remainders. 
3. Use dollars and cents. 
4. Use zex•o difficulties. 
Exa""loles: 
37/1490 59/!2272 66/J29.o'3 78/3!403 
r::: 
'-' . 
1. Let partial quotient fail. It is n~cessnry to reemuha-
size the step of comparison. The subtrahend must not 'bo 
larger than the minuend., If the sub:~ .. rahend is larger 
than the minuend, the figure in the quottent must be 
decreased. 
Examples: 
29jmrn' 59(2'2im 36/1697 
ITEP VIII - Use mixed drill. 
;TEP IX - Test on Steps I throur;h· VII. 
;TEP X - St,.H·Jr~l.l-11 d:!.,,_ri~l•.J::.~s l 13 - lB ~ r~m.1dl~ •.~11 th Hul~ i'i!·~t.. 'T""..:t. 
may then tell children if they see other ways of doinr; 
this they are welcome to try them. 
~TEP XI - To divide a whole nwnber ending in zero by anothe11 wnolo 
number ending in zero, cancel one zero in eac~ ru1d divid0 
by the parts left. (Be sure the children under• stand that 
when two numbers are divided by the same numbel', 10, t·t'le 
relationship between the two numbers doesn't chan~e.) 
~TEP XII- Test on Steps I through XJ. 
Plans for Group II 
1te: See plans for groups I, II, and III for first five steps. 
~EP VI 
rEP VII 
~EP VIII 
rEP IX 
rEP X 
rEP XI 
TEP XII 
November 18, 1957 - January 24, 1~58 
1. Introduce Rule II - When a two-figure di viso:t• ends in 
6, 7, 9, or 9 use the first figure of the divisor in-
creased by one as the trial divisor. 
2. Do not let trial quotient fail at first. 
3. Use dollars and cents. 
4. Use remainders. · 
5. Use zero difficulties~ 
6. Stay here until mastered. 
Examples: 
59./I(m: 37/1650 29%2!' 
1. Let rule fail· - the partial quotient is not right. 
It is necessary to emphasize the step of comno.riso11. 
The remainder must not be the same or larger than 
the divisor. If the remainder is the same or laree~ 
than the divisor there must be an increase in the 
quotient figure. 
2. Much drill will be necessary at this noint .• 
:§xamples: 
19/1591 28/!'149 
.-
Use mixed drill. Have rule fail and not fail. 
Test on Ste?s I throu~h VII. 
Special divisors 13 - 18. Tiandle first with Rules I 
and II. You may then tell children if they see othel" 
ways of doine: tl'lis they are welcome to try t'l-)em. 
To divide a w~ole number ending in zero by another 
w·hole number end1n~ in zero, cancel one zero in eac~ 
and divide by the pnrts left. (Be sure the c1!ild:r'e:~~ 
unders ta.nd thu t \'!Then two numbers are divided by tho 
same numi·er, 10, the relationshin between the two 
numbers doesn't chan~e.) 
Test on ~teps I through XI. 
Plans for Group III 
ote: See plans for r,roups I, II, and III for first five steps. 
Novernber 18, 1957 - January 6, 1959 
TEP VI- Divisors'ending in 6, 7, 3, and 9 
1. Do not let partial quotient fail at first. 
2. Have remainders. 
3. Use dollars ru1d cents. 
4o Use zero difficulties. 
Examples: 
37~ 59/12272 6S/J29e03 78~ 
7. 
Tl.!:P VII - Let partial quotient fail. It is necessar.'T to :t•eel"1phasiz0 
the step of comparison. 'fhe subtral:lend must not be larger• 
than the minuend. · If the subtrahend is larger than the 
minuend, the figure in the quotient must be decreasedg 
Examples: 
29~ 37/21~ 59~ 36/!697 
TEP VIII - Use mixed drill. 
TEP IX - Test on Steps I through VII • 
. rrEP X .... Special divisors 13 ... 18. Handle with Rule first. You may 
then tell children if they see other ways of doinr, t~is they 
are welcome to try them. 
TEP XI - To di v.ide a whole number ending in zero by another whole num·· 
ber endinp, in zero, cancel one zero in each. and divide by t 1-::c 
parts left.. (Be s~re the children understand that YJ"'ten two 
numbers are divided by the same number, 10, the relat:tons1!:i.p 
between the two numbers doesn't change.) 
)TEP XII -Test on Steps I through XI. 
January 6, 1958 - January 24, 1953 
~ollow Steps Vi through XII as in Group II. 
Plnus for Croups I~ II, and II~ 
October 14, 1957 - November 18, 1957 
~ for Group~ .! ~ ffi: In a two-figure divisor use the first fig-
ure of the divisor as the trial divisor. · 
Rule !2£. Grou,p g: When a two-figure divisor ends in 0, 1, 2, 3, 4, 
or 5, use the first figure of the divisor as the 
trial diviso1• 
STEP I 
STEP .. II -
Divisors Endin~ ~ ~' !' g. 3, 1, and 5 
1. Be sure the trial quotient is the true quotient. 
2. Have no remainders. 
3. Stay here until the children get it. 
4. Teach children to che!:;k work. 
5. Use dollars and cents in dividends. 
Examples: 
ll/I2! 21/525 32;mrn-
1 .. Use the same rule. 
2 .. Be sure the trial quotient is the true quotient. 
3. Have a remainder. 
4 .. Teach children how to check whe.n there is a remainder. 
Examples: 
ll/25SS 31/345 41,/mm' 32/6785 
STEP III -
ls Use the same rule. 
2. Be sure the trial quotient is the true quotient. 
3. Include zeros in the quotient. (There must be a figure 
in the quotient for every figure brour;ht down.) 
Examples: 
?"!":r 32;rf760 43/516U '?4/26646 23/3470 
STEP IV -
1. Have the trial quotient fail. It is necessa~J to emphasize 
the step of comparison. The subtrahend must not be larc;er 
than the minuend. If the subtrahend is larger than the 
minuend, the figure in the quotient must be decreased. 
2. Much practice will be needed here. 
!xampl~: 55~ 21/~ 42/!'218 
STEP V -
Use mixed drill. 
.. ,_. 
··:; 
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RELIABILITY OF TEST II 
The reliability of Test II was deter1uined in two 
(1) The reliability of Test II, Form B was esti-
mated using the following formula: 
r = nc7'
2 
- R W 
2 (n - 1) G1' 
The followiP~ reliability coefficients were 
observed: 
Group I 
Group.II 
Group III 
0.76 
0.82 
o.64 
(2)The reliability coefficient for each group 
was determined by correlating scores on Test 
II~ Form B with corresponding scores on Test 
II~ Form A2 • 
The following reliability coefficients were 
observed: 
Group I 
Group II 
Group III 
0.70 
0.72 
0.49 
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OBSERVER ________________ _ SCHOOL 
----------------
DATE TEACHER 
-------------------
----------------
The research project being carried on in your ~i~th grades 
is a comparative study o~ two methods ~or estimating quotients 
when dividing by a two-~igure divisor. All children generally 
are taught the same method ~or estimating the quotient digit 
when the divisor ends in 0,1,2,3,4, and 5, but there are two 
methods commonly taught ~or estimating the quotient digit when 
the divisor ends in 5,7,8, or 9. .· 
Method A; Use·the ~irst ~igure o~ the divisor as the trial 
divisor. In the example 28T75 the procedure is to say 28 will go 
in~~-75 about as many times as 2 will go into 7. In the example 
37~ the student should say 37 will go into 124 about as many 
times as 3 wil=l- go into 12. · 
Me;tho·d. B : Use the ~irst ~igure o~ the divisor increased by 
Qne as ~·lfu§ trial divisor •. · Iri the example 28ffl the procedure is 
to say 28 will go int~ about ~:~.s many times as 3 will go into 
7. In the example 37~ the student should say 37 will go into 
124 about as many times as 4 will go into 12. . 
From your observation please check which method is being 
taught by the teaCher. 
0 
0 
D 
.Method A 
Method B 
Can't. tell 
From your observation please check which method apparently 
is being used by the children as they work independently. 
D Method A 
0 Method B 
:c:a.nt.t, tell 
